Roproducod  by 


national  technical 
information  service 


Approved  for 


— r" - - 


(his  document 


<<cepra  (friction  ot  this  document  in  any  form  by  other  than  naval  activities 
is  not  authorised  except  by  special  approval  at  the  Secretary  of  the  Navy 


This  document  contains  information  affecting  fhn  national  defense  of  the 
Unitad  States  withh  the  meaning  of  the  Espionage  Laws,  Title  18,  U.S.C., 
Sections  793  end  794.  The  transmission  or  the  revelation  of  its  contents  in 
any  manner  to  an  unauthorised  person  is  prohibited  by  law. 


s« .  ii ,i t \  ri.i-  '.i ii>  .*i !•>» 

DOCUMENT  CONTROL  DATA  -  R  &  D 

Itk  1,1  »//•  Jfi  »n  .»/  f.'Ni  f  it-.  rt,ti  t  m  i,l  Unit  sin,'  utiint.ifi  fi  i.mst  hv  crflf«*riMl  whvtl  tht*  r  f.«SM  #|C*«/J 

*  i*t  A  Nu  A  1  1  1  ,  *  1  ,  (  ’  f/  >r  ttv  Iiithn' ) 

III.  Mtl’ORI  SECUlilfV  Cl  A'JOI  lie  A  1  ION 

Naval  Air  Engineering  Center 

Unclassified 

Engineering  Department  (SI) 

Philadelphia,  Pa.  19112 

?l>.  CIIOUP 

H  ■  I'OIM  *  I  I  I  » 

Investigations  and  test  of  wire  rope  core  materials  for  aircraft  arresting 
engine  purchase  cable 


*  *  ST  flip  I  I  V  I  NO  I  •  S  f  f\f .ttui  im  tu  ill* 


Ml  f  MONi5»  f  fits  t  nmnr,  nntltll  *  initi.it,  l**t  «i  .#me) 

Cosimo  D.  Daiello 
William  Clark 


H.I  c  ON  TRAC  1  OM  GRAM  t  NO 


Ik  PHOJI  C  f  NO 

A3405373/200B/ 1F3246 1402 


io  oisi  rihution  statement 


7 A.  TOTAL  NO.  or  PACKS 

72 

ih.  no  ok  r«rrs 

7 

■»«.  OIIIGIN  A  TOR'S  Ntl'OIM  NUMML  NISI 

NAEC-ENG 

-7461 

|9*.  OTHER  REPORT  NOIS)  (Any  other  numbers  that  may  he  maatgned 

thla  report) 

Approved  for  public  release;  distribution  unlimited 


II  SlIf'PLIMrNUH*  NOH.1  12  SPONSORING  military  activity 

Naval  Air  Systems  Command 
Washington,  D,  C.  20360 


IK  AUSIHACT 

^An  investigation  and  test  of  cores  used  in  purchase  cable  for  aircraft  arrestment 
gear  is  made  to  determine  if  there  is  a  core  material  superior  to  that  presently 
used.  Consultations  with  representatives  of  the  wire  rope  industry  and  acknowl¬ 
edged  authorities  in  the  field  of  fibre  testing,  research  and  development  are 
jconducted.  Wire  rope  core  materials  are  selected  and  tested.  Recommendations  are 
made,  with  requirements  for  further  testing,  of  possible  superior  substitutes. 


DD 


FORM 

1  NOV  ft*. 


1473  1 


I'AU  1  ) 


UNCLASSIFIED 


U.  $.  NAVAL  AIK  ENGINEERING  CENTER 

MHHIt  MIA,  PI  MMIVIVAMIA 


f  ' 

NAVAL  AIN  ENGINEERING  CENTER 

(SHIP  INS  f  AllATIONS ) 

BNOINEERINQ  DEPARTMENT 

HAEC-ENO-T^&L  21  Jlay  1973. 

COCK  IQDVTZF1CATZ0H  HO.  60020 


IHVXSTIQATIOnS  AMO  TEST  OF  WIRE  ROPE 
CORE  MATERIALS  FOR  AIRCRAFT  ARRESTING 
ENGINE  PURCHASE  CABLE 


J 


PMMMMV 


MD-OueM, 


to.  cPvJc. 


S-J!'  7/  /✓ 4 


•MM 


li 


4N0.NAEC. 2499 (REV,  7.0) 

PI  ATI'  NO.  11962 


NAEC-ENG 

PAGE 


7461 

n 


ABSTRACT 

An  investigation  and  test  of  ceres  used  in  purchase  cable  fur 
aircraft  arrestment  gear  is  made  to  determine  if  there  is  8  core 
material  superior  to  that  presently  used.  Consultations  with 
representatives  of  the  wire  rope  industry  and  acknowledged  author¬ 
ities  in  the  field  of  fibre  testing,  research  and  development  are 
conducted.  Wire  rope  core  materials  are  selected  and  tested. 
Recommends  tie  ns  are  made,  with  requirements  for  further  testing,  of 
possible  superior  substitutes. 
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I.  INTHOJXTION 

ThJa  ntudy  io  concerned  with  the  fiber  core  of  the  wire  rojje  that 
is  used  in  the  purchase  cables  of  aircraft  arrestment  gear.  The 
natural  fiber  material,  currently  specified  and  used,  exhibita 
a  tendency  to  ahred  and  tnis  sign  of  deterioration  necessitates 
early  renewal  of  the  cable. 

A  search  for  a  better  co"e  materiel  is  pursued  in  contacts  with 
the  wire  rope  industry,  which  includes  suppliers  of  cores  and  fibers. 
Consultations  with  acknowledged  authorities  in  the  field  of  fiber 
testing,  research  and  development  are  conducted.  Sample  core  materials 
are  selected,  manufactured  end  tested  on  the  basis  of  theoretical 
causes  of  the  problem  of  deterioration. 

Test  results  and  other  available  performance  data  are  presented. 
Recommendations  arc  made  regarding  the  most  promising  materials  to 
employ  as  substitutes  for  vegetable  fiber  core. 


II.  SUMARY  OF  PROCEDURES  AND  RESULTS 

A .  Wire  Rope  Manufacturers .  The  problem  of  finding  an  improved  core 
material  is  pursued  with  several  of  the  leading  suppliers  of  wire 
rope  for  purchase  cables.  Their  favorable  response  to  the  purpose  of 
this  study  and  their  contributions  to  a  solution  to  the  problem  are 
brought  out  in  the  Text. 

B.  Core  Manufacturers.  8imilar  contacts  ore  made  with  the 

major  suppliers  of  core  stock.  It  is  axiomatic  that  the  successful 
substitute  core  will  be  one  developed  by  one  of  the  manufacturers, 
with  some  technical  aid  or  guidance  from  sources  outside  the  industry. 
Here  again,  response  is  favorable  and  the  results  are  detailed  in  the 
Text. 

C.  Contacts  with  Research  Activities.  The  core  problem  is  discussed 
with  the  head  of  research  in  a  leading  technical  Institute  and  with 
the  technical  marketing  representative  of  the  major  supplier  of  syn¬ 
thetic  yarns  to  the  rope  industry.  Results  are  presented  in  the  Text. 

D.  Visit  to  the  Wavy  Rope  Walk  -  Boston,  Massachusetts.  The  head  of 
this  research  activity  of  the  Navy  supplies  expert  guidance  end  advice 
as  shown  in  the  Text. 
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E.  Selection  of  Test  Samples  o f  Cure  Materials.  As  e  recult  of  dis¬ 
cussions  with  the  core  manufacturers ,  a  meeting  is  arranged  with  the 
Technical  Coramitr.ee  of  the  Cordage  Institute  The  materials  to  be 
manufactured  (and  tested)  are  selected  and  the  manufacturer  of  each 
is  designated.  Tests  are  discussed  and  recommendations  ere  mode  to 
conduct  specific  tests  as  discussed  in  the  Text.  A  commercial  test 
agency  with  capabilities  in  the  field  of  rope  shapes  is  selected. 

The  scoje  of  the  tests  is  discussed  with  the  selected  agency  end 
suggestions  are  offered  for  their  adaptation  to  meaningful  tests. 

F .  fe u is  a nd  Re :«ul 1  .•  ■  The  materials  which  are  tested  and  the  tests 
which  are  conducted  ere  as  follows: 


Mater  in  Is 

Sisnl  -  base  reference 

Manila  -  base  reference 

Polyethylene 

Polypropylene 

Nylon 

Oa  cron 


Tests 

Compressibility 
St. retell  and  Recovery 
Dyiiamic  Flexing 
Abrasion  resistance 
Coefficient  of  Friction 
Softening  Foint 


Requirement!*  for  the  specific  tests  are  developed  with  the 
United  States  Testing  Comjany,  Inc.  and  are  described  in  detail  in 
the  text.  Cn  the  basis  of  these  tests  the  core  materials  are 
evnli»ted.  Each  lest  wa6  scaled  with  e  rating  of  1  to  5*  A  rating 
of  5  was  the  highest  rating  and  a  racing  of  1  was  the  lowest.  The 
compressibility  and  dynamic  flexing  teste  were  multiplied  by  a 
factor  of  2  since  thes$  were  felt  to  be  more  important  than  the 
other  tests.  The  sura  of  these  ratings  would  indicate  the  materiel 
with  the  highest  evaluation.  Below  are  the  results: 


Oh  cron 

31* 

Nylon 

32 

Folyprvpylene 

?T 

Folyethylene 

2h 

Sisal 

23 

Manila 

23 

III  CONCLUSIONS 


The  results  of  the  evaluation  of  the  tests  shew  that  dacron, 
nylon  and  polypropylene,  in  that  order,  would  be  the  materials  best 
suited  as  wire  rope  core  for  the  purchase  cable. 


These  teats  did  not  evaluate  many  of  the  factors  which  might 
influence  the  performance  of  the  wire  rope  core.  Some  of  these  factors 
are : 
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1.  The 
lflid  rope  on 


influence  of  t.ension,  dynamic  flexing  6::d  hard  and  soft 
the  transverse  stiffness  of  t.ie  core. 


n 


2.  The  influence  of  tension,  lubrication  end  hard  and  soft  laid 
rope  on  the  flexibility  of  the  core. 

3.  The  influence  of  lubrication  and  hard  and  soft  laid  rope  on 
the  resistance  to  abrasion  and  shear  of  the  core. 

h.  The  influence  of  length  of  time  for  recovery  after  release  of 
load  to  abrasion  and  shear  of  the  core. 


In  the  light  of  the  above,  it  is  felt  thet  no  definite  conclusions 
car  be  made  as  to  the  ra^st  suitable  wire  rope  core  material  without 
additional  testing. 


IV  RECOMMENDATIONS 

It  is  recommended  that  purchase  cable  be  made  up  with  dacron 
core,  nylon  core  and  polypropylene  core  for  full  scale  teats  on  an 
aircraft  arresting  engine.  It  ia  also  recommended  that  additional 
testing  be  done  on  wire  rope  core  materials  to  evaluate  other 
influencing  factors,  enumerated  above,  on  core  performance. 
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A.  Background.  The  design  or  arrangement  of  wire  rope,  consisting  of 
wires,  strands  and  core,  is  called  the  construction.  The  classification 
of  wire  x*ope  is  the  numerical  designation  of  construction;  it  defines 
the  lumber  of  strands  placed  around  the  core  as  well  as  the  number  of 
wires  in  eacn  individual  strand.  The  core  of  a  wire  rope  supports 
the  wire  strands  and  maintains  the  position  of  strands  during  movement 
involving  bending  and  load  stresses. 

There  are  many  designs  of  wire  rope  construction  to  suit  a  large 
variety  of  applications.  An  arrangement  of  few  wires  of  large  size 
provides  greater  resistance  to  abrasion.  One  that  is  made  up  of  more 
wires  of  small  diameter  gives  more  flexibility.  The  make-up  of  the 
core  is  such  that  the  necessary  degree  of  flexibility  and  longevity 
of  the  wire  rope  is  satisfied.  Thus  the  design  is  e  compromise  of 
component  factors.  The  most  successful  design  for  a  specific  applica¬ 
tion  is  confirmed  by  experience  with  it  in  the  field  where  the  wire 
rope  is  subjected  to  extreme  wear  and  destructive  forces. 

The  wire  rope  that  is  used  in  the  purchase  cables  of  aircraft 
arrestiiient  gear  on  board  aircraft  carriers  must  withstand  high  stress 
and  endure  what  could  be  called  maltreatment .  The  aevere  conditions 
are  unalterable,  however,  so  that  if  better  wire  rope  performance  ia 
to  be  attained  it  will  be  accomplished  through  improvement  in  the 
quality  of  components.  For  study  purposes  we  will  concentrate  on 
one  size  of  purchase  cable  wire  rope,  namely: 


a . 

Diameter 

1-3/8  inches 

b. 

Construction 

6  x  19  (or  25  if  the  filler 
wires  are  included) 

c . 

Core 

Manila  and/or  Sisal 

d. 

Specification 

MIL-W-81178  (WEP),  9  Febrimry 

e . 

Breaking  Strength 

175,000  lbs.  minimum 

As  stated  above,  this  wire  rope  is  subjected  to  very  high 
stresses .  After  repeated  loading  the  natural  fiber  core  tends  to 
shred,  manifested  when  bits  of  core  material  are  expell  1  between 
the  wire  strands,  TMs  occurs  early  in  what  is  considered  to  be 
the  normal  life  of  the  wire  rope,  when  the  individual  wires  have 
not  yet  begun  to  fail . 
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A'‘ter  <lecauea  of  successful  per  forms  nee,  the  natural  fibers  have, 
here,  reached  t-heir  limit  of  capability,  in  this  one. very  strenuous 
application.  Now  the  question  is  one  of  finding  a  satisfactory 
substitute.  Is  there  a  synthetic  fiber  now  used  commercially  that 
will  have  greeter  resistance  to  shredding  and  perform  well  in  ell  other 
respects?  Is  there  a  fiber  yet  untried  that  can  be  adapted  to  the 
purpose?  What  are  the  qualities  and  characteristics  needed  in  a  fiber 
that  will,  be  made  into  a  core  shape,  i.e.,  those  considered  essential 
to  successful  performance?  In  comparison  of  various  fibers  after  they 
are  made  into  cores,  what  are  the  relative  values  of  the  qualities 
that.  car.  be  properly  measured  and  usefully  assessed? 

Hejort,  reference  (a),  is  the  only  available  modern  documentation 
on  the  subject  of  wire  rope  cores.  The  recommendations  made  in  that 
Report  regarding  cores,  which  are  pursued  in  this  study,  are: 

1.  The  core  will  be  designed  for  the  maximtm  transverse  stiffness 
consistent  with  strength  requirements. 

2.  The  core  materials  will  be  choeen  for  the  least  possible 
friction . 

In  general,  information  on  cores  of  wire  ropes  has  been  developed 
and  retained  by  private  industry  only.  The  wire  rope  manufacturers 
rely  on  the  successful  designs  of  cores,  developed  by  the  cordage 
manufacturers,  when  they  order  cores  from  them.  This  has  also  been 
the  approach,  until  recently,  by  Defense  Department  activities  where, 
for  example,  (see  Specification,  reference  (b))  the  core  is  described 
in  very  general  terms,  specifying  the  use  of  clean,  uniform,  hard 
fiber  (manlla  and  sisal)  in  commercial  use.  The  high  quality  of  the 
cores  has  met  the  needs  and  requirements  of  the  wire  rope  manufacturers 
in  the  past  and  the  subject  has  not  been  discussed  In  technical  writings 
available  to  anyone  outside  the  industry. 

Quite  recently  new  specifications  for  polypropylene  rope  and 
core  have  been  issued.  See  references  (c)  and  (d).  Therefore,  as 
far  as  information  on  cores  Is  concerned,  we  start  with  almost  a 
blank  page.  The  word  "almost"  is  used  because  there  is  a  wealth 
of  information  available  on  ropes.  In  the  use  of  this  information 
ve  must  keep  in  mind  that  althoi«h  all  cores  are  ropes,  only  specially 
designed  and  constituted  ropes  can  be  classed  as  proper  cores. 

A  number  of  sources  of  Information  and  technical  date  on  ropeB 
are  listed  in  Section  IX .  Pertinent  extracts  from  them  will  be  uaed 
and  identified  throughout  thi6  report. 

B.  Wire  Rope  Manufacturers  The  manufacturers  listed  below  heve  been 
approached  to  obtain  information  on  new  developments  in  the  industry. 
They  have  been  Informed  that  a  study  of  core  materials  has  been 
initiated  and  mutual  discussions  were  suggested.  These  companies, 
on  the  list  of  suppliers  of  purchase  cables,  are: 


L 


4ND.NAFC.2439(RCV.  7. SI) 

PtATi  NO.  1 1 942 

r 


NAEC-EHG  7461 
PAGE  3 

"I 

American  Chain  end  Cable  Company 
American  Steel  and  Wire  Company 
Bethlehem  Steel  Company 
Broderick  and  Bascom  Company 
Donald  Ropes  and  Wire,  Ltd. 

Jones  and  Laughlin  Steel  Corporation 
MacWhj  te  Wire  Rope  Com j any 


Visits  to  the  MacWhyte,  American  Chain  end  Cable,  snd  Bethlehem 
companies  have  provided  a  broad  view  as  to  what  new  core  materials 
ere  in  u3e  and  what  additional  ones  are  .Oder  consideration. 


Polyvinyl  has  been  tried  as  a  core  finer  but  without  compile  te 
success.  Its  pronounced  resistance  to  chemical  attack  is  not  essen¬ 
tial  to  purchase  cables.  In  rod  form  its  loss  of  flexibility  at  low 
temperatures  and  its  tendency  to  stretch,  when  being  closed  into  the 
wire  strands,  are  factors  that  disqualify  polyvinyl  as  a  possible 
core.  From  another  source  in  the  chemical  industry,  it  is  learned 
that  the  molecules  of  polyvinyl  do  not  properly  orient  themselves 
during  the  extrusion  process  so  that  the  type  of  polyvinyl  that 
otherwise  could  have  useful  qualities  for  core  use  fail6  to  attain 
strength.  Polyvinyl-covered  sisal  has  been  tried  with  some  success 
hut  has  been  displaced  by  polypropylene .  One  company  has  tried  the 
poly vinyl -covered  fiber  core  with  the  fiber  unlubricated  end  lubri¬ 
cated.  In  the  first  instance  the  fiber  fails  because  of  dryness  and 
in  the  second  case  the  lube  breaks  through  the  polyvinyl  jacket  and 
makes  the  core  non -concentric .  Both  designs  are  pronounced  unsuc¬ 
cessful  . 


Polyethylene  ore  in  the  solid  form  does  not  elongate  in  the 
closing  process  (where  the  wire  strands  are  formed  around  the  core) 
but  it  has  too  much  initial  hardness  and  becomes  harder  with  age . 

One  attempt  has  been  made  to  impregnate  fiber  core  with  poly¬ 
vinyl  plastic,  using  no  lubricant.  This  proves  unsuccessful. 

Nylon  core  is  successful  but  is  considered  to  be  too  costly, 
especially  after  the  introduction  *f  cheaper  polypropylene.  No 
adverse  reverts  on  nylon  performance  have  been  made  however. 

Glass  fiber  has  been  rejected  by  the  wire  rope  manufacturers 
for  the  reason  that  it  is  prone  to  brittleness  after  repeated  bending. 
Further  consideration  Is  given  to  it  hereinafter. 

There  are  no  reports  in  the  wire  rope  industry  that  Teflon  core 
has  been  produced  or  tried. 

Polypropylene  is  the  synthetic  fiber  currently  in  most  universal 
use  as  a  core.  It  is  considered  co  be  the  most  successful  substitute 
for  vegetable  fiber.  The  reported  advantages  are: 


L 


J 


NAEC-ENG  7461 
PAGE  4 

“1 

a  .  Filaments  are  uniform  in  size 

b.  Does  not  absorb  moisture 
c ■  Resists  acids  end  oil 

d.  Has  good  resistance  to  abrasion 

e .  Has  light  veight 

f .  Can  be  extruded  in  filament  form  by  the 
rope  manufacturer  from  chemicals  supplied  in 
bulk  by  any  of  a  number  of  sources 

g.  Only  3  to  6^  by  weight  of  lubricant  is  needed 
compared  to  10  to  ik'fo  used  in  vegetable  fiber  cores . 

h.  Has  greater  strength  than  natural  fiber 

The  one  disadvantage,  reported  and  considered  to  be  minor  by  the 
wire  rope  manufacturers,  is  thet  the  polypropylene  must  be  used  with 
caution  where  high  heat  is  experienced.  An  example  of  one  manufac¬ 
turer's  concern  in  this  matter  is  his  rejection  of  its  use  in  large 
size  wire  rope  for  general  use .  The  uncertainty  of  the  nature  of 
applications  after  the  reel  leaves  the  plant,  especially  as  regards 
high  heat  exposure,  is  the  reason  for  this  action. 

The  high  heat  factor  will  be  given  further  treatment  in  this 
study  not  only  in  relation  to  polypropylene  but  also  as  regards  all 
synthetic  fibers . 

The  several  wire  rope  manufacturers  whose  plants  have  been 
visited  apply  most,  If  not  all,  oif  the  following  list  of  factors  in 
tlieir  specifications  for  core  manufacture: 

a.  Virgin  material  only. 

b.  Monofilament  (relates  to  size) 

Fine  -  nominal  6  mils  ( .006") 

Coarse  •  nominal  12  mils  (.012") 

c.  Multi  filament  -  commercial 

Several  2  or  3  rolls  filaments  are  twisted  to¬ 
gether  to  make  6  to  12  mil  filaments . 

d.  Use  of  stabilizers  for  heat  and  light. 

e.  Nominal  diameter  of  core  with  a  stated  tolerance. 

f .  Required  veight  per  foot 

g.  Required  density 

h.  Amount  of  lubricant 

I.  Lay  length 

J.  Specification,  XCL-F  24116  (Shlpe),  for  certain 
Defense  Department  orders 

There  la  no  opacification  used,  generally,  for  tensile  strength 
or  modulus  of  elasticity.  The  tlghtneea  of  tvlet  is  a  matter  of  good 
practice.  One  manufacturer  etetee  thet  no  difference  in  veer  resis¬ 
tance  bee  been  found  between  fine  end  coaree  filaments .  The  same 
diameter  of  core  la  used  for  both  natural  fiber  and  for  polypropylene. 
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One  manufacturer  uses  multi  filament  polypropylene  in  elevator 
cables.  Another  will  not  use  polypropylene  at  ell  in  elevator  cables 
because  of  a  leek  of  experience  with  the  material  in  all  applications. 
This  indicates  some  reservation  in  acceptance  of  the  material  for  the 
time  being . 

The  size  of  polypropylene  core  has  been  established  in  the  industry 
at  one -half  the  diameter  of  the  wire  rope  in  which  it  is  used.  This  has 
been  found  to  be  a  successftJ  size  to  prevent  the  wire  strands  from 
locking  into  each  other.  It  is  a  6ize  that,  coupled  with  the  trans¬ 
verse  compression  strength  of  polypropylene,  minimises  the  tendency 
of  the  core  to  form  a  pronounced  star  shape  when  closed  into  the  wire 
roj Cjf  This  transverse  strength  derives  not  only  from  the  fiber  itself 
but  also  from  the  density  and  twist  tightness  of  the  core  produced  in 
its  manufacture. 

Typical  set  of  catalogue  literature  frbm  a  major  wire  rope  manu¬ 
facturer  is  included  in  Section  A  of  Design  Data  Report  Number  1316, 
reference  (e). 

C.  Core  Manufacturers 


The  discussions  with  the  core  manufacturers  focus  attention  on 
precisely  what  materials  are  available  and  what  untried  materials  may 
prove  to  be  successful.  In  Section  B  of  Design  Data  Report  Humber  1316, 
reference  (e),  the  information  and  the  advice  from  one  of  the  major 
companies  reveal  that  there  are  a  number  of  fibers  that  have  already 
been  used  with  satisfactory  results.  Because  of  its  lover  coa^ poly¬ 
propylene  is  the  leader  in  commercial  applications.  The  consensus  of 
all  rope  manufacturers  is  that  one  or  more  of  the  synthetic  fibers 
now-  used  in  ropes  and  in  cores  will  prove  to  be  satisfactory  substitu¬ 
tes  for  the  sisal  cores  now  used  in  purchase  cable  wire  ropes  . 

The  following  tables  list  the  average  values  of  breaking  strength 
(pounds)  and  weight  per  100  feet  ns  contained  in  manufacturers'  cata¬ 
logues  for  a  5/8  inch  diameter  fiber  rope .  They  show  the  synthetics 
to  have  greater  strength  and  more  satisfactory  weight  values  then  the 
vegetable  fibers . 

Rope  -  5/8  inch  diameter 
Breaking  -  Strength  -  Pounds 


1. 

Sisal 

3,520 

2. 

Manila 

Moo 

3. 

Foly  propylene 

6,000 

k. 

Polyester  (Decron) 

9,500 

5. 

Nylon 

9,700 

6 . 

Po lye  they  lene 

5,200 
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Weight.  -  Pounds  Per  100  Feet 


1. 

Sisal 

-  13-5 

c.  . 

Manila 

-  13-5 

3. 

Polypropylene 

-  7-5 

4. 

Polyester  (Dacron) 

-  13-0 

Nylon 

-  10.3 

6. 

Polyethylene 

-  8.1 

The  catalogue  literature  lists  the  following  areas  in  which 
synthetic  fibers  perform  well: 

1 .  Durabili ty 

2.  High  shock  absorbency 

3-  Resistance  to  moisture,  rot,  mildew,  decay  and 
fungus  growth 

4 .  Flexibility 

*  5-  Ability  to  stretch  and  recover 

6.  Resistance  to  abrasion 

7-  Can  be  readily  stabilized  against  normal  heat 
and  light  effects 

*  Actually,  manila  has  the  best  stretch  and  recovery  characteristics 
in  published  literature. 

In  the  characteristics  listed  below,  the  rope  literature  shows 
slight  differences  between  the  values  assigned  to  the  various  syn¬ 
thetic  fibers.  As  a  result  it  is  planned  to  obtain  comparative  data 
on  the  following  in  tests  of  sample  cores: 

1.  Elongation  and  recovery,  involving  permanent 
stretch. 

2.  Abrasion  resistance. 

3-  Coefficient  of  friction 

4.  Performance  at  high  ambient  temperature  with  high 
heat  generated  by  working. 

.% 

One  important  characteristic,  resistance  to  transverse  compression 
or  squeezing,  is  not  evaluated  in  catalogue  literature.  It  bears  a 
direct  relationship  to  breaking  strength  but  will  nevertheless  undergo 
further  3 cruel ny  in  this  study.  This  is  a  characteristic  uniquely 
significant  to  core  material  because  the  core  must  support  the  wire 
strands . 

Catalogue  literature  and  a  product  chart  supplied  by  one  of  the 
three  major  roje  (and  core)  manufacturers  is  Included  in  Section  C  of 
Design  Data  Report  Nunber  1316,  reference  (e).  It  must  be  borne  in 
mind  that  the  information  pertains  to  ropes,  not  cores  specifically. 

The  core  suppliers  have  recommended  that  the  Technical  Committee 
of  the  Cordage  Institute  be  included  in  discussions  of  the  problem 
herein.  A  meeting  is  arranged  and  the  outcome  is  discussed  in 
Section  F  below  . 
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Information  obtained  thus  far  Indicates  that  successful  synthetic 
fibers  are  available,  that,  they  can  to  made  into  rope  shapes  and  that 
they  possess  qualities  that  make  them  appear  superior  to  the  standard 
natural  fibers  in  many  respects.  The  question  then  remains,  h',v  well 
will  they  function  ns  cores  for  wire  rope?  How  do  they  compare? 

In  an  effort  to  narrow  down  the  field  of  evaluation  of  character¬ 
istics,  it  appears  advisable  to  consult  knowledgeable  sources  engaged 
in  research  on  synthetic  fitters  or  ropes  . 

1.  Havel  Applied  Sciences  Laboratory,  Brooklyn,  New  York 

At  the  Applied  Sciences  Laboratory  there  is  a  continuing 
program  of  fatigue -testing  3A"  diameter  wire  ropes  using  various 
core  materials,  working  them  over  various  site  sheaves.  The  amount 
of  lubrication  used  in  the  test  specimens  is  varied.  Inf  jrnnition  is 
sought  regarding  the  effect  of  coatings  on  corrosion  resistance.  All 
tests  are  run  at  moderate  speeds  with  a  tensile  load  of  6,000  pounds 
on  the  wires . 

Two  particular  items  of  information  obtained  at  this  laboratory 
are  of  interest  to  this  study: 

a.  In  their  assessment  of  wire  rope  longevity,  they  find 
thBt  the  lubricated  wire  ropes  perform  consistently  better  then  the 
non-lubri cat.ed  ones. 

b.  In  regard  to  wire  breaks  and  ultimate  failure,  the 
sisal-cored  wire  ropes  hove  ir.dividi.al  wire  breaks  distributed  along 
the  length  of  the  sample.  In  the  polypropylene -cored  wire  ropes, 
the  breaks  are  concentrated  at  one  point  to  the  extent  that  the 
whole  strand  fells. 

The  unique  failure  of  the  polypropylene -cored  rope  raises 
several  questions.  Does  this  type  of  failure  occur  unusually  early 
in  the  life  of  the  rop«,  as  compared  to  a  sisal-cored  rope  fatigue 
limit,  Cor  instance?  Is  this  peculiar  to  polypropylene  or  to  syn¬ 
thetics  as  a  whole?  What  characteristics  of  the  fiber  would  cause 
this  mode  of  failure?  Can  tests  of  the  core  materials,  by  themselves, 
reveal  8  possible  cause  and  can  the  tests  provide  comparative  data 
to  indicate  which  flbera  will  last  longer? 

2.  Research  Department,  Philadelphia  Textile  Institute 

At  the  Philadelphia  Textile  Institute  the  following  advice 
regarding  cores  in  wire  ropes  is  received: 

a.  The  core  and  wire  strands  should  work  together  without 
relative  motion,  having  in  mind  permanent  stretch. 
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b.  It  would  be  advisable  to  remove  the  greater  Inherent 
permanent  stretch  of  the  core  before  closing  It  Into  the  wire  strands. 

c.  Dacron  has  a  s tress -strain  curve  more  nearly  like  that  of 
steel  wires  than  all  other  synthetic  fibers  used  in  ropes.  The  type  of 
Dacron  that  is  hot -stretched  and  restrained  has  a  ctress -strain  curve 
more  nearly  like  that  of  ateel  than  ordinary  Dacron. 

d.  It  is  expected  that  Dacron  will  possess,  in  a  core  shape, 
greater  resistance  to  squeezing  than  other  fibers. 

3*  Textile  Fibers  Department,  DuPont  Company,  Wilmington,  Delaware. 

The  visit  to  the  DuPont  Company  and  subsequent  discussions 
with  their  technical  representative  has  provided  the  following  informa¬ 
tion  and  ideas  regarding  performance  of  synthetic  fibers  in  core  form: 

a.  Better  performance  may  be  obtained  if  the  core  acta  uni¬ 
formly  and  elastically  with  the  wire  strands . 

b.  The  stretch  and  recovery  characteristics  would  be  improved 
by  pre -stretching  the  core  before  closing  into  the  stranda . 

c.  One  rope  manufacturer  has  manufactured  hot-stretch 
Dacron  guys  for  high  antennae  to  improve  performance  of  the  antennas 
with  a  non-conductor  support.  The  hot-stretch  Dacron  appears  to  be 
the  best  material  in  regard  to  stretch;  it  is  reported  to  have  the 
least  stretch  and  beat  recovery  of  all  the  rope  synthetics.  This  could 
be  an  excellent  recommendation  for  its  uae  as  a  core  in  purchase  cable. 

Bulletins  of  technical  information  on  synthetic  fibers  for  ropes 
prepared  by  the  DuPont  Company  are  included  in  Section  D  of  Design 
Data  Report  No.  1316,  reference  (e). 

4.  Textile  Products  Development  Laboratory,  Owens -Corning 
Corporation,  Ashton,  Rhode  Island. 

The  Owens -Corning  Corporation  has  a  development  program  for 
uses  of  glass  fibers.  In  reply  to  an  Inquiry  regarding  the  possible 
use  of  glass  fibers  in  a  core,  that  company  suggests  the  use  of  glass 
fibers  embedded  in  rubber  stock.  In  view  of  the  lubrication  of  wire 
ropes,  any  rubber  compound,  even  Bune-lf  or  neoprene,  would  tend  to 
swell.  Tills  factor  may  be  dla qualifying.  Further  probing  of  the 
use  of  glass  fibers  will  continue. 

5 .  A  test  program  was  recently  completed  at  the  Battelle 
Memorial  Institute  on  the  "Analytical  and  Experimental  Investigation 
of  Aircraft  Arresting-Gear  Purchase  Cable,"  reference(g,)  which  pro¬ 
vides  results  of  fatigue  tasting  on  1-3/8  inch  wire  rope  cycled 
over  24  inch  sheaves  at  loads  ranging  from  20,000  to  110,000  pounds. 
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^  This  investigation  revealed  that  for  the  loads  slightly  over  90,000 
pounds  the  mode  of  Cable  failure  is  due  to  fatigue  failure  of  the 
outer  wires  at  the  points  of  inter6trand  notching.  At  the  lower 
loads  fatigue  failure  was  initiated  by  the  growth  of  multiple 
fatigue  cracks  in  the  wires  on  the  crowns  of  the  strands  .  At  the 
higher  loads  the  failure  of  the  core  to  keep  the  strands  separated 
permitted  the  wires  of  the  adjacent  strands  to  rub  against  one  another 
resulting  in  cross-wire  notching  and  eventual  failure.  To  prevent 
this  the  core  should  be  of  a  material  with  a  hign  transverse  stiffness. 
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£ .  Visit  to  the  Havy  Ropewalk  at  Boston  Wavsl  Shlpyerd 

The  Master  Roperaaker  and  Technologist  at  thi6  installation  is  the 
author  of  the  only  available  modern  textbook  on  ropes.  Although, 

"The  Technology  of  Cordage,  Fibers  and  Rope",  reference  (f),  is  con¬ 
cerned  chiefly  with  natural  or  vegetable  fibers  and  not  at  all  with 
cores,  it  offers  much  information  that  is  applicable  to  core  perfor¬ 
mance.  In  this  restricted  sense  the  contents  of  the  book  assist  in 
preliminary  comparisons  and  in  selections  of  fibers  and  type  of  con¬ 
struction  for  the  manufacture  and  tests  of  sample  materials.  Excerpts 
from  reference  (f),  ere  included  in  Section  E  of  Design  Data  Report 
Ho.  1316,  reference  (e). 

The  core  does  not  share  the  tensile  load  in  a  stressed  wire  rope. 
The  information  from  reference  (f)  presented  below,  therefore,  does 
not  stress  data  on  tensile  strength  of  repes.  The  selected  items  are: 

1.  A  harder  and  tighter  twist  is  superior  to  a  slacker  twiBt 
for  certain  end  uses.  However,  a  tight  twist  serves  to  stiffer  the 
rape  and  reduces  its  strength.  A  tight-twist  or  hard-laid  rope  has 

a  higher  percentage  elongation  than  a  soft  laid  rope  for  a  given  load. 
Thus,  there  must  be  a  balance  of  factors  to  attain  desired  properties. 

2.  Components  must  be  twisted  in  opposing  directions  to  main¬ 
tain  compactness . 

3.  There  are  three  basic  mechanical  stresses  involved  in  the 
service  of  a  rope: 

a.  Tensile  pull  (this  is  not  important  in  a  wire  rope 

core) . 

b.  Structural  friction  associated  with  bending  end  flexing. 

c .  Surface  friction  contributing  to  abrasion . 

h.  Secondary  factors  under  dynamic  conditions  <and  repeated 
loadings  are  acceleration  stresses  and  heat. 
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5.  When  a  rope  is  bent  there  is  movement  of  strand  against  strand, 
one  strand  rolling  over  another  to  produce  compression  in  the  inner 
part  ot*  the  bend,  and  pulling  avay  from  each  other  to  open  out  along 
the  outer  part  of  the  bend. 


6.  A  rope  in  a  dynamic  bending  service  will  show  considerable 
powdering  and  chafing  on  the  surfaces  where  the  stxandc  are  in  con¬ 
tact  with  one  another  and,  if  excessively  loaded,  similar  evidence  of 
chafing  internally. 


7.  In  normal  usage,  ropes  will  be  rubbed  against  themselves, 
against  sharp  edges  both  in  straight  tension  and  bending  movements, 

be  worked  upon  by  internally  and  externally  embedded  grit,  and  thereby 
wear  away.  In  most  end  uses,  ropes  are  subject  to  external  surface 
abrasion  to  such  a  degree  that  this  constitutes  the  major  cause  for 
replacement  due  to  service  failure,  (in  the  case  of  a  core,  the  wire 
strands  that  envelop  the  core  constitute  the  sharp  edges  noted  above. ) 

8.  In  an  analysis  of  factors  involved  in  abrasion  one  must 
regard  the  point  of  abrasion  as  an  area  of  extremely  localized  bending. 
If  the  rope  i6  abraded  by  a  metal  edge,  the  compreBslve  forces  des¬ 
cribed  as  prevalent  in  tension  or  bending,  are  existent.  If  the  surface 
wears  away  because  of  grit,  each  minute  particle  represents  a  condition 
of  dynamic  bending  involving  surface  fibers  which  compress  against  the 
particle.  Such  deformations  load  the  fibers  in  tension  to  the  extent 
that  they  stretch  and  ultimately  fall. 


9.  The  ability  to  stretch  is  a  property  that  is  particularly 
associated  with  rope.  Unlike  rigid  materials  used  in  tension,  ropes 
remain  more  or  less  permanently  elongated  after  they  are  once 
stretched  by  an  appreciable  pull.  Even  after  a  long  period  of  time 
has  elapsed  during  which  the  ropes  are  no  longer  under  load,  they  will 
remain  partially  stretched  and  show  no  complete  recovery  to  their 
original  lengths. 

10.  Unlike  strength  as  a  property,  the  elongation  does  not 
seem  to  be  affected  by  the  rate  of  application  of  the  load.  Studies 
show  that  the  same  ultimate  elongation  is  attained  whether  the  ropes 
are  broken  by  extremely  gradual  loading  or  by  sudden  impact  loading, 

11.  Ropes  made  of  hard  fibers  do  not  stretch  as  much  as  some 
soft  fiber  ropes.  A  more  extensible  fiber  will  yield  proportionately 
more  olongatlon  of  the  rope. 

12.  Once  a  rope  is  put  in  service  and  loaded,  its  elongation 
characteristics  change.  Having  been  stretched  somewhat  permanently 
by  service  load,  it  can  be  expected  that  in  the  loading  range  covered 
by  semrlce  conditions,  i.e.,  load  generally  up  to  20  percent  of  the 
breaking  strength,  the  constructional  phase  of  the  elongation  curve 
will  no  longer  be  apparent.  An  additional  effect  of  repeated  lading 
as  experienced  in  service,  that  should  also  be  considered,  is  that 
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for  every  instance  of  load  application,  there  will  be  some  additional 
permanent  stretch.  The  total  stretch,  per  cycle,  for  a  given  degree 
of  loading  will  diminish  with  frequency  of  service. 

13.  When  the  applied  load  resulting  in  stretch  is  released,  the 
stretched  rope  will  begin  to  contract  in  length.  Unless  the  load  is 
very  slight  -  well  below  the  normal  working  load  range  -  the  contraction, 
even  over  an  extended  period  of  time,  is  never  complete.  In  a  matter 
of  minutes  after  the  load  release,  half  of  the  total  recovery  will  be 
attained.  (For  the  purposes  of  this  study,  early  recovery  is  most 
important  in  view  of  the  rapidity  with  which  successive  loads  are 
applied. ) 

'  14.  A  rope  that  in  comparison  with  its  breaking  strength  is 
loaded  in  small  degree  will  recover  faster  than  when  loaded  in  greater 
degree.  When  loaded  in  the  range  of  their  normal  working  loads,  the 
smaller  size  rope  will  recover  more  readily.  With  respect  to  the 
effect  of  loads  and  rope  sizes,  nylon  rope  is  not  as  much  affected  as 
the  natural  fiber  ropes. 

15.  A  four-strand  rope  snows  les6  recovery  than  a  three-strand 
rope;  a  hard-laid  rope  less  than  a  soft-laid  rope.  Ropes  that  have 
been  loaded  repeatedly,  thereby  reaching  a  condition  of  maximum 
compactness  under  tensile  load,  will  ultimately  show  complete  recovery 
from  stretch  provided  the  applied  load  does  not  exceed  the  load  used 
in  pre-stretching  the  rope.  (Cores  are  not  normally  pre- stretched. 

However,  the  load  on  the  core  is  chiefly  bending  and  squeezing  rather 
than  pulling  or  tensile. ) 

16.  All  the  forces  prevalent  in  the  rope  when  it  is  pulled  are 
prevalent  when  the  rope  is  bent;  in  addition,  there  exists  the  factor 
of  outer  surface  compression  which  in  relation  to  the  internal  com¬ 
pressive  for  es,  will  tend  to  promote  shearing  stresses  which  further 
damage  the  rope. 

17.  Flexing  (dynamic  bending)  endurance  tests  are  regarded  as 
only  indicative  of  relative  performance  on  one  material  against 
another,  or  one  structure  against  another  when  both  are  tested  con¬ 
currently  under  prevailing  conditions.  In  conducting  such  tests, 
the  ropes  may  be  oscillated  until  they  fall,  or  they  may  be  oscil¬ 
lated  for  a  prescribed  number  of  cycles  and  evaluated  on  the  basis 
of  remaining  strength.  The  first  is  a  more  desirable  operation 
Inasmuch  as  the  rate  of  deterioration  of  rope  due  to  internal 
abrasion  seems  to  fit  into  a  geometrical  rather  than  an  arithmetical 
pattern. 

18.  It  is  noteworthy  that  in  any  cordage  flexing  endurance 
tests,  nylon  is  outsta.-llngly  superior  in  performance.  (Since 
reference  (f)  was  published,  other  synthetic  fibers  such  as  Dacron, 
polypropylene,  etc.,  have  been  successfully  introduced.) 
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1').  Inasmuch  hg  flexing  endurance  involves  surface  friction, 
improving  ! he  lubricity  of  the  rope  will  improve  its  flexing  end- 
urance . 

20.  WiM.  inei-ense  in  the  degi-ee  of  twist,  there  is  a  tendency 
to  improve  the  flexing  endurance. 

21.  Increasing  the  number  of  strands  to  lay  the  rope  will 
generally  have  no  pronounced  effect  upon  the  flexing  endurance. 

22.  In  cordc  and  ropes  of  relatively  small  size,  the  effects 
of  flexing  and  abrasion  seem  closely  related;  the  cord  that  performs 
best  in  a  flexing  test  generally  shows  a  similar  advantage  in  an 
abrasion  test.  This  relationship  will  not  be  apparent  in  larger 
rope  structures,  pr  -t.iculfir.ly  when  the  ropes  are  wet. 

23.  No  matter  how  tightly  three  strands  are  twisted  together,  the 
rope  will  not.  be  herd-laid  unlc.’e  there  is  enough  twist  in  the  strand 
to  support  and  maintain  the  tight  rope  twist.  The  combination  of  rope 
and  strand  twist  determines,  ir  major  degree,  the  overall  hardness 

of  lay. 

P.  Selection  of  Test  Samples  of  Core  Materials 

The  meeting  of  the  Technical  Committee  of  the  Cordage  Institute 
has  served  very  well  for  the  exchange  of  information  and  ideas.  The 
membership  includes  representatives  from  companies  that  are  suppliers 
and  some  that  ars  not  involved  directly.  This  implies  more  objective 
treatment  of  the  core  problem  in  hand.  The  minutes  of  the  meeting 
are  included  in  Section  F  of  Design  Date  Report  No.  1316,  reference 
(e).  A  comprehensive  chart,  "MAN -MADE -FIBERS"  (Textile  World),  of 
interest  to  the  conferees,  is  Included  in  Section  G  of  Design  Data 
Report  No-  1316,  reference  (e). 

The  deliberations  of  the  Technical  Committee  are  concerned  with 
the  followi"^  facte: 

1.  The  core  under  study  is  standard  sisal  used  in  a  wire  rope 
1-3/8  inch  in  diameter,  lang-lay,  with  a  tensile  strength  of  175,000 
pounds.  Theie  are  two  MOO-foot  long  purchase  cables  in  the  arrest¬ 
ment  gear,  one  on  each  aide  of  the  ship.  The  purchase  cables  connect 
the  ends  of  the  deck  pendants  to  the  arrestment  engine. 

2.  An  arrestment  loads  the  cables  for  about  three  seconds;  they 
can  occur  ns  rapidly  as  one  each  minute,  several  arrestments  in 
succession.  I:>  each  purchase  cable,  about  255  feet  of  pay-out  takes 
place  during  an  arrestment . 

3.  In  a  new  cable  the  permanent  stretch  totals  1$  or  about 
eight  feet.  Thereafter,  the  elastic  stretch  and  recovery  amounts 
also  to  about  1%.  The  wire  rope  is  not  pre -stretched . 
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4.  The  sheaves  over  which  the  cables  work  are  twenty-four  or 
twenty -eight  Inches  In  diaueter.  Each  cable  passes  around  a  complex 

of  two  sets  of  nine  shesves  each  et  the  arrestment  engine.  As  a  result, 
there  Is  almost  constant  bending  action  cf  the  cable  as  run-out  occurs. 

5.  A  purchase  cable  is  expected  to  last  for  15)00  arrestment.6  . 
Measurements  have  been  made  of  wire  rope  diameter  changes  Incident 
to  failure.  With  a  starting  diameter  cf  1.42  inches  and  after  p 
variable  number  of  arrestments,  the  rope  will  fatl  when  the  diameter 
draws  down  to  about  1.29  inches.  Other  measurements,  not  incident  to 
failure,  show  the  1.42  inches  diameter  reducing  safely  tc  1.38  inches. 
This  indicates  a  narrow  range  between  3^  safe  reduction  in  diameter 
and  a  9f>  reduction  at  failure  . 

Decisions  were  made  at  the  Conference  to  manufacture  and 
test  the  below  listed  core  materials,  with  two  samples  being  assigned 
to  each  of  three  leading  core  suppliers: 

Sisal  -  bese  reference 

Manila  -  base  reference 

Polypropylene 

Polyethylene 

Dacron 

Nylon 

The  sisal,  manlla  and  polypropylene  are  to  be  lubricated 
according  to  standard  practice;  the  nylon  is  to  be  pre-shrunk  either 
in  filament  form  or  after  the  core  is  made. 

Specifications  are: 

ll/l6  inch  diameter 
3  strand,  single  yarn 
right  lay 

Z  &  Z  construction 

For  use  in  Navy  Aircraft  Arrestment  Gear  Purchase  Cuble 
(1-3/8  inch  diameter,  6  x  19  wire  rope) 

Delivery  to  Navy  destination 

The  following  information  is  to  be  supplied  with  each 

shipment: 

Diameter  of  core 

Lubrication  -  amount  and  code  nunber 

Lay  -  complete  construction;  rope,  strand  and  yarn  turns 

Yarn  site  in  denier  or  feet  per  pound 

Niraber  of  yarns  per  s trend 

Weight  per  foot 

Heat  aging  test 

Type  filament  used,  giving  manufacturer  of 
polymer  or  filament  site,  filament  and  manu¬ 
facturer's  code  nunber 
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following  tent. li  arc  discussed: 


Compress  ibillty 
Elongation  and  recovery 
Coefficient  of  friction 
Abrasion  resistance 
Tensile  strength  of  core 
Fatigue  or  endurance  test 
Softening  point 

C.  TEST  PREf ’A  RATIONS 


n 


From  the  studies  of  commercially  accepted,  synthetic  fiber  core 
materials,  it  can  be  concluded  that  certain  of  their  qualities  are 
well-known  and  documented  Further,  In  the  course  of  normal  quality 
assurance,  a  measure  of  such  characteristics  as  tensile  strength, 
fiber  size  and  make-up,  light  stabilisation  and  the  like  will  be 
properly  established.  Other  areas  must  be  explored,  however. 

It  is  necessary  to  obtain  comparative  test  data  in  those  criti¬ 
cal  areas  that  have  not  been  pursued.  These  tests  are  selected  after 
consideration  of  theories,  described  below,  that  suggest  why  the  cores 
of  purchase  cable  wire  ropes  fall.  This  approach  la  necessary  because 
the  core  cannot  be  observed  in  operation  nor  can  any  measurements  of 
stress  and  strain  be  readily  obtained. 

One  theory  on  the  cause  of  core  failure  pertains  to  the  stresses, 
under  load,  suffered  as  the  wire  tope  traverses  the  twenty-four  inch 
diameter  sheaves.  Measurements  and  calculations  indicate  that  the 
wire  rope,  during  an  arrestment,  undergoes  a  l£  stretch;  at  the  top 
of  the  sheave  travel,  the  outer  surface  of  the  core  by  geometry 
stretches  an  additional  2%.  There  are  other  stresses  also.  At  the 
top  of  the  sheave  travel,  the  outer  strands  of  wire  bear  down  on  the 
core  tending  to  squeeze  it  severely  At  the  same  time,  the  individual 
wires  produce  a  shearing  action  that  will  sever  the  fibers  and  abrade 
them.  The  letter  action  is  facilitated  by  the  opening -out  that  takas 
place  in  the  core  strands  along  the  outer  diameter. 

To  resist  the  foregoing  the  core  must  have: 

Transverse  stiffness 

Flexibility 

Resistance  to  abrasion 

Resistance  to  shear 

Lubrication  to  promote  sliding  action  and  thus  reduce 

abrasion . 

Stability  at  the  high  temperatures  experienced  under 
ambient  conditions  with  heat  generated  by  work. 
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The  amount  of  transverse  stiffness  of  the  core  or  the  ability  of 
the  core  to  support  the  strands  without  compressing  to  the  point  which 
will  allow  the  strands  to  rub,  is  one  of  the  most  important  qualities 
of  the  core. 

The  quality  of  the  core  to  move  relative  to  the  wire  strands  with 
little  friction  and  the  ability  of  the  oore  to  flex  on  the  strands 
without  abrading  is  an  Important  factor .  When  the  core  breaks  down 
because  of  this  abrasion,  the  wire  in  adjacent  strands  will  rub  and 
the  rope  will  fail. 

Taken  by  Itself,  stretching  Introduces  a  possible  source  of 
trouble.  This  results  not  from  the  stretching  alone  but  from  the 
degree  of  recovery.  Further,  the  degree  or  amount  of  recovery  relates 
to  the  recovery  of  the  wire  strands  that  envelope  the  core. 

Neither  the  core  nor  the  finished  wire  rope  is  pre -stretched  in 
manufacture.  Therefore,  the  constructional  and  the  permanent  stretch 
is  removed  in  the  use  of  the  rope. 

As  has  been  noted  above,  the  permanent  and  constructional  stretch 
in  a  purchase  cable  has  been  measured  at  1$.  Thereafter,  the  wire 
rope  by  measurement  stretches  elastically  1$  in  each  arrestment. 

However,  the  core  may  not  conform  to  these  percentages. 

The  chief  difference  between  the  wire  rope  and  the  core  is  the 
higher  permanent  stretch  inherent  in  fibers.  One  rope  manufacturer 
lists  the  following  amounts: 


Sisal 

4.9* 

Manila 

4.8* 

Polypropylene 

3.8* 

Polyethylene 

5-8* 

Decron 

6.2* 

Nylon 

8.0* 

A  factor  that  will  Increase  the  normal  elongation  of  cores  is 
thelv  tight-twlst  construction.  This  yields  more  colls  of  strands 
per  unit  length  then  is  the  case  with  ordinary  rope .  As  with  a 
coil  spring,  the  more  coils,  the  more  extension. 

A  further  aggravation  of  the  stretch  problem  in  fibers  16  the 
slowness  with  which  the  elongation  yields  to  recovery.  The  major 
manufacturer  of  synthetic  yarns  provides  the  following  data  in  this 
regard: 

Typical  Extension  and  Recovery  of  "Broken -In"  Ropes  with  Normal 
Working  Loads .  (Extension  in  *  of  Original  Length) 
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1 .  Loaded  to  20#  of  break 

2.  Immediately  after 
release  from  load. 

3  Five  minutes  after 
release  from  load. 

4 .  Two  weeks  after 
release  from  load. 
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Nylon 

Dacron 

Manila,  dry 

14# 

5-5# 

3# 

3-5# 

2# 

1# 

1-5# 

1# 

1# 

o# 

0# 

0# 

H .  Tes  .s  The  technical  dota  for  the  core  materials  tested  ere  listed 
in  Teble  I . 


Following  is  a  description  of  the  tests  made  to  determine  the 
relative  qualities  of  the  core  materials  selected: 

1.  Compressibility.  This  is  a  test  to  determlre  the  amount  of 
compression  that  occurs  in  the  core  material  under  increasing  loads, 
and  at  various  temperatures.  The  core  In  the  purchase  cable  is  com¬ 
pressed  by  the  tension  in  the  cable  end  the  action  of  the  strands  on 
the  core  as  the  cable  goes  aroimd  the  sheave . 

The  apparatus  for  this  test  is  shown  in  Figure  1.  The  core  was 
placed  in  a  steel  trough,  the  opening  of  which  was  equal  to  the 
diameter  of  the  core.  An  anvil,  the  slae  of  the  trough  opening  was 
placed  over  the  core.  The  assembly  was  placed  in  a  Baldwin  Ikiiversel 
Testing  Machine  and  pressure  was  applied  by  the  head  of  the  machine 
to  the  anvil.  The  applied  load  was  recorded  and  the  motion  of  the 
head  was  determined  with  use  of  an  indication  dial.  To  obtain  the 
compressibility  data  for  the  elevated  temperatures,  heat  lamps  were 
directed  on  the  test  assembly  until  the  desired  temperature  was 
obtained . 

To  got  comparative  data  the  zero  deflection  must  be  the  same 
for  all  the  core  samples .  A  load  of  10C  pounds  was  applied  to  the 
sample .  The  compression  at  this  load  was  established  as  the  zero 
deflection  for  each  sample. 

The  test  procedure  was  as  follows: 

(a)  A  1000  pound  load  was  applied  to  the  sample  and  held 
for  three  seconds .  The  deflection  was  meas  ured  and  the  load  released . 

(b)  At  end  of  one  minute  the  load  was  increased  to  2000 
pounds,  held  for  three  seconds  and  the  deflection  measured  again. 

(c)  The  above  was  repeated  in  1000  pound  load  increments 
until  the  core  was  compressed  to  three-fourths  of  its  original 
diameter,  a  deflection  of  0.172  inches. 
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(d)  Die  above  teet  vat,  repeated  at  temperature  of  ±20  *T,  and 
l30°F.  The  samples  tested  at  the  elevated  temperatures  were  heated 
to  the  temperature  of  the  test  lor  tec  minutes  before  starting  the  teet. 


Two  tests  were  made  at  room  temperature,  one  at  120  *F.  «nd  two  at 
100  *F. 


2*  Stretch  and  Kecoveiy.  This  is  a  test  to  determine  the  xrjOJtiX. 
of  stretch  an<i  the  amount  of  recovery  that  occurs  when  the  core  lc 
loaded  and  released.  The  core  In  the  wire  rope  should  stretch  and 
recover  the  came  amount  hb  the  wire  strands  when  the  wire  rope  is 
loaded  and  released. 

The  apparatus  for  this  test  is  shown  in  Figure  2.  Tlx  foot  teet 
samples  of  each  material  were  made  up  with  eye  splice*  on  the  ends. 

The  sample  was  attached  to  head  and  base  of  the  Btldvlu  (fciivertal 
Testing  Machine  as  shown  in  Figure  2.  Three  samples  of  each  core 
material  were  testoi  as  follows: 

(a)  A  tensile  load  of  100  pounds  at  a  heed  speed  of  4  lnsb+t  per 
minute  was  applied  to  the  core.  With  this  load  held,  a  gage  length  of  }0 
Inches  was  marked  on  the  core. 

(b)  An  Increasing  tensile  load  was  applied  to  the  core  until  the 
30  Inch  gage  length  was  stretched  to  30-1/2  Inches.  The  load  was  recorded 
and  held  for  three  3econds, 

(c)  Die  load  was  reduced  to  100  lbs.  and  the  original  JO  Inch 
Increment  ws  remeasured  noting  the  reduction  In  length  or  recovery. 

(d)  At  the  end  of  one  minute  the  tensile  load  was  Inc  reseed 
until  the  30  inch  length  was  stretched  to  31  Inches.  The  load  (at 
recorded  and  held  for  three  seconds. 

(e)  The  load  was  again  r adviced  to  100  lbs.,  the  JO  Inch  «egU 
was  remeasured  and  the  recovery  vn  recorded. 

(f)  The  above  was  repeated  at  Intervals  of  one  minute  In 
Increments  of  l/2  Inch  until  a  maximum  of  six  Inches  of  stretch  was 
recorded  or  until  the  core  failed. 

(8)  tuc  above  teet  was  made  for  three  samples  of  each  c ore. 

(h)  Two  samples  of  each  core  material  vers  pre -stressed  to 
forty  percent  of  their  ultimate  strength  and  steps  la*  through  f ' 
were  repeated. 

3.  Dynamic  Flexing.  This  la  a  tost  to  determine  the  effort  of 
flexing  the  cores  over  a  sheave.  The  sheaves  used  for  this  test  had 
diagonal  ribs  welded  on  the  rope  contact  surface  to  simulate  the 
■questing  and  wear  caused  by  the  wire  strands  on  the  core  as  the 
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^  wire  ro ; *'  runs  ove r  t.he  sheaves  . 

The  e['pnrol  !is  for  this  test  is  shown  in  Figure  3-  The  chain 
from  an  overhead  hoist  was  attached  to  an  eye  splice  in  one  core 
specimen.  This  core  specimen  and  another  were  wrapped  around  a 
three  inch  and  a  twelve  inch  sheeve  as  shown.  With  this  arrangement 
two  samples  can  be  tested  at  one  time.  Attached  to  the  twelve  inch 
sheave  were  t.wc  cams  which  actuated  a  switch  reversing  the  hoist 
motor  As  the  rope  cycled,  the  sheaves  rotated  so  that  there  was  no 
relative  motion  between  the  sheave  end  the  rope.  This  teat  set  up 
was  capable  of  cycling  the  rope  at  5  cycles  per  minute. 

(a)  A  sample  of  each  core  material  was  tested  on  the  three 
inch  sheave  and  the  twelve  inch  sheave. 

(b)  The  cores  were  oscillated  over  the  sheaves  by  the 
reversing  of  the  hoist  motor. 

(c)  The  test,  was  continued  until  the  core  failed,  at 
which  time  the  number  of  oscillations  was  recorded. 

(d)  The  above  test  was  repeated  for  five  samples  of  each 
core  on  the  three  inch  sheave  and  one  sample  of  each  core  on  the 
twelve  inch  sheave . 

4 .  Abrasion  Resistance .  This  is  a  test  to  compare  the  abrasive 
qualities  of  the  core  materials. 

The  apparatus  for  this  test  is  shown  in  Figure  4. 

(a)  The  core  specimen  was  attached  to  the  drum,  layed 
over  a  fixed  hexagonal  bar,  and  a  5  •<?  pound  weight  was  attached  to 
its  end. 


NAEC-ENG  7461 
PAGE  is 


n 


(b)  The  drun  oscillated,  causing  the  core  to  abrade  against 
the  hexagonal  bar  as  shown  in  Figure  4.  The  drun  oscillated  at  the 
rate  of  3c  •  cycles  per  -min.  Four  samples  can  be  tested  at  one  time 
with  this  test  setup. 

(c)  When  one  strand  of  the  core  wore  through,  the  test 
was  stopped  and  the  nunber  of  cycles  was  recorded. 

(d)  One  sample  of  each  core  was  immersed  in  water  for 
forty-eight,  hours  and  the  test  was  repeated  for  the  water-soeked 
cores . 

5.  Coefficient  of  Friction.  This  is  a  test  to  determine  the 
coefficient  of  friction  of  the  core  materials . 

The  test  setup  is  as  shown  in  Figure  5  and  the  test  procedure 
was  as  follows: 
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(a)  Hie  core  was  placed  on  the  flat  stainless  steel  plate, 
and  a  50  pound  load  was  placed  on  the  core,  guided  on  both  sides  so 
that  it  would  not  tip.  The  rope  was  pulled  by  a  calibrated  spring 
scale. 

(b)  Hie  force  required  to  start  the  rope  in  motion  was  recorded. 

(c)  The  force  required  to  continue  the  rope  in  motion  was 

recorded . 

(d)  The  above  test  was  repeated  for  one  sample  of  each  core. 

6.  Softening  Point.  This  is  a  test  to  get  comparative  information 
on  the  effect  of  heat  in  softening  the  core  materials. 

Hie  apparatus  for  this  test  is  as  shown  in  Figure  6.  H-.ls  test 
is  the  standard  method  for  testing  for  "Defoliation  of  Plastics  Under 
Load.  ASTM-D621. " 

(a)  Hie  core  specimen  was  placed  in  the  test  machine  and  a 
load  of  200  pounds  per  linear  inch  was  applied  without  shock. 

(b)  Hie  initial  deformation  was  recorded  and  established  as 
the  zero  point. 

(c)  Hie  testing  machine  was  placed  ir  a  test  chamber  which 
was  heated  to  a  temperature  of  l60°F. 

(d)  Hie  deformation  was  recorded  after  1^2  hour  end  1  hour 

time  increments.  *. 

(e)  Hie  above  test  was  repeated  for  one  sample  of  each  core. 

J.  Results.  Hie  data  collected  in  the  performance  of  each  of  the 
above  tests  is  tabulated  in  Appendix  A. 

Hie  results  of  the  above  tests  are  shown  in  Figures  7  thru  17 . 

Hie  curves  shown  in  these  figures  were  made  up  of  the  average  values 
of  the  data  obtained. 

1  Compressibility.  Figures  7»  8  and  9  show  the  comparison  of 
the  compressibility  or  transverse  stiffness  of  the  core  materials. 

Sisal'  and  manila  had  the  greatest  transverse  stiffness  of  the  materials 
tested  at  all  three  test  temperatures.  Hi  all  cases  the  compressibility 
licreased  with  increasing  temperature.  At  4000  pounds  load  the  increase 
In  compressibility  for  temperature  Increase  of  70°F  to  l80°F  is  as 
follows: 


Sisal 

Manila 

Polypropylene 

Polyethylene 

Dacron 

Nylon 

48% 

14% 

14% 

9% 

5% 

11% 
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An  attempt  In  made  from  the  dat)  received  to  compute  the  bulk 
modulus  of  elasticity  of  the.  cor-c  materials.  The  procedure  uaed 
for  this  calculation  ia  shown  in  appendix  A.  Becauae  the  test 
specimen  was  not  completely  encloeed  during  the  compression  test, 

(see  Figure  1),  the  deflection  data  could  not  be  taken  as  compression 
of  the  material  and  therefore  the  results  are  not  considered  to  be 
an  exact  indication  of  the  bulk  modulus.  They  do,  of  course,  indicate 
comparative  values  of  the  bulk  modulus .  The  manlla  and  sisal  had 
the  greatest  bulk  modulus .  The  nylon,  dacron,  polyethylene  and  poly¬ 
propylene  all  had  about  the  same  value  for  the  bulk  modulus.  The 
core  samples  used  for  this  test  were  as  received  from  the  manufacturer. 
No  tests  were  made  of  the  rope  cores  after  they  had  been  flexed  or 
a tretched . 

2.  Stretch  end  Recovery.  Figures  10  and  11  show  the  relation¬ 
ship  of  elongation  versus  load  of  the  core  materials.  In  general 
the  effect  of  elongation  in  itself  is  not  an  important  factor  in  wire 
rope  cor*.  These  curves  are  a  by-product  of  the  testing  to  determine 
the  recoverability  of  the  core  materials .  The  curves  shown  for  the 
elongation  of  the  manlla  and  nylon  compare  favorably  with  curves 
shown  in  reference  (f.).  The  sisal  end  manlla  rope  for  both  the 
"as  received"  and  prestreaeed  rope  elongate  the  least.  The  dacron 
and  nylon  elongate  the  greatest  amount.  As  would  be  ekpected  the 
elongation  is  less  in  the  pre-streased  rope  than  the  "ae  received" 
rope,  since  the  rope  stretches  at  a  greater  rate  in  the  first  20 
percent  of  load  application.  This  is  consistent  with  test  results 
shown  in  reference  (f). 

Figures  12  and  13  show  the  comparison  of  the  recoverability  of 
the  ropes .  The  purchase  cable  of  the  arresting  engine  stretches  and 
recovers  1$  of  -»s  length  during  an  arrestment.  The  ideal  rope 
core  would  duplicate  this.  Figure  12,  showing  the  "as  received"  rope, 
indicates  that  all  the  ropes  except  the  sisal  recover  about  0.5  per¬ 
cent  for  a  1$  elongation.  The  sisal  recovers  about  0.3  percent. 

The  results  could  not  be  compered  with  data  from  reference  (f)  since 
the  data  shows  an  immediate  recovery.  Reference  (f)  gives  percent 
recovery  after  15  minutes  and  longer. 

Figure  I3>  showing  the  pre-streased  rope  indicates  that  all  the 
ropes  recover  1  percent  for  e  1  percent  elongation . 

At  the  end  of  the  stretch  and  recovery  testing  all  ropes  were 
tested  to  failure.  Below  are  the  results: 
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Rope  -  11/16  Inch  Diameter 
Breaking  Strength  (Average)  Pounds 


As  Received 

Pre -Stressed 

1. 

Sisal 

3,766 

3,915 

2. 

Manila 

5,090 

5,055 

5- 

Polypropylene 

7,907 

7,730 

4. 

Polyethylene 

4,240 

4,570 

5- 

Nylon 

9,453 

9,580 

6 . 

Dacron 

9,653 

9,055 

3.  Dynamic  Flexing.  Figures  14  and  15  show  the  comparison 

of  the  ropes  subjected  to  flexing  over  a  3  Inch  and  a  12  inch  sheave. 
The  sheaves  had  diagonal  ribs  welded  to  the  rope  contact  surface  to 
simulate  the  effect  of  the  wire  strand  on  the  core.  The  12  inch 
sheave  more  nearly  duplicates  the  condition  of  the  wire  rope  core 
in  the  purchase  cabla  traversing  the  2b  inch  sheave .  The  3  inch 
sheave  was  used  to  accelerate  the  testing  of  the  rope .  In  both 
cases,  the  nylon  core  faired  the  best.  It  wore  two  times  as  long 
as  the  dacron.  The  dacron  was  far  superior  to  the  others,  with 
polypropylene  being  the  next  best. 

These  results  agree  with  data  supplied  by  the  leading  cordage 
manufacturers.  Information  given  in  reference  (f)  slso  notes  that 
for  flexing  endurance  nylon  cordage  i6  superior  in  performance. 

It  was  noted  upon  Inspection  of  the  test  samples  of  the  failure 
that  there  were  some  indications  of  rubbing  between  the  sheave  and 
the  rope,  so  that  abrasion  possibly  added  to  the  dynamic  flexing 
to  produce  the  failure . 

4.  Abrasion  assistance.  During  an  arrestment,  as  the  purchase 
cable  bends  around  the  sheaves,  the  strands  of  the  core  will  rub 
against  one  another  and  the  wire  strands.  Figures  16  and  17  show 
the  comparative  abrasive  resistant  qualities  of  the  core  materials . 

Here  again  the  nylon  and  the  dacron  outlasted  the  other  rope .  The 
test  of  the  dry  core  materials  showed  that  the  nylon  end  dscron 
lasted  for  350,000  cycles  with  only  s  alight  Indication  of  wear; 

the  polypropylene  showed  heavy  wear  at  350,000  cycles,  the  polyethylene 
failed  at  62,000  cycles,  the  manila  at  113,000  cycles  and  the  sisal  at 
39,000  cycles. 
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5.  Coefficient  of  Friction.  Table  II  shows  the  comparative 
valura  o»*  the  e  Untie  and  dynamic  coefficient  of  friction  for  the 
core  materials.  The  polyethylene  proved  to  have  the  lowest  co¬ 
efficient  of  ota tic  and  dynamic  friction,  0.15  and  0.14  respectively, 
while  manila  had  the  greatest  -  0.27  and  0.26  respectively.  The 
values  for  dacron  nnd  polypropylene  were  slap  low. 

• 

6.  fo^tenlng  Point.  Table  'II  shows  the  effect  of  temperature 
or  softenlfig  of  U«e  core  materials.  Tie  nylon  was  affected  the 
least  by  tie  increased  temperature,  deforming  '6.58  percent  after 
1/2  ho»j*  and  0.73  percent  after  1  hour.  The  polyethylene  and  poly¬ 
propylene  deroraed  the  greatest  amount,  deforming  1.9, and  1.75 
respectively  a*ter  1/2  hour  and  3*05  end  2.04  percent  after  1  hour. 

This  test  is  related  to  the  "reoiatance  to  squeeting"  test 
desert  led  in  paragraph  J-l  above,  except  that  in  one  case  the  core 
la  enrlofsd  and  in  the  other  it  ia  not.  Figure  9  does  show  agreement 
In  tiet  senile  nnd  sisal  does  deflect  the  greatest  amount  and 
•griom  nnd  dacron  the  lenat  nt  the  elevated  temperatures. 

In  order  to  determine  which  of  the  cores  performed  the  best  for 
ell  the  tests  described  above,  a  rating  of  1  thru  5  Is  given  to  each 
fee  eech  one  of  the  test* .  An  additional  factor  of  2  is  multiplied 
fejr  the  ra’lng  for  the  transverse  stiffness  and  flexibility  teats 
since  these  ere  felt  to  be  the  most  important.  The  core  with  the 
highest  to'*-  from  this  rating  would  have  the  best  performance.  The 
fellmwli*  are  the  results: 


Oere 

•transverse 

Stiffness 

•Flexi¬ 

bility 

Abra¬ 

sion 

Fric¬ 

tion 

Recover¬ 

ability 

Temp. 

Total 

Ai  sal 

10 

2 

1 

3 

4 

3 

23 

feslle 

10 

2 

2 

1 

5 

3 

23 

laiypfBl/isfe 

6 

6 

3 

5 

5 

2 

27 

feljeth/lene 

6 

4 

2 

5 

5 

2 

24 

%lm* 

k 

10 

5 

3 

5 

5 

32 

Oerren 

6 

8 

5 

5 

5 

5 

34 

•fbllrg  tlmss  2. 
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K.  Conclusions .  As  stated  throughout  the  text  of  this  report,  the 
ideal  wii’p  it  fie  core  would  be  one  that  had  the  following: 

1.  Transverse  stiffness  to  support  the  wire  strands  under 
conditions  of  high  loading  around  sheaves  to  prevent  rubbing  of  the 
strands  against  each  other. 

2.  Flexibility  to  allow  the  dynamic  bending  around  the  sheave 
without  failure  of  the  core  fiber  or  strands. 

3.  Resistance  to  abrasion  and  shear  to  prevent  failure  of  the 
core  as  it  rubs  against  the  wire  strands. 

4.  Recoverability  tc  allow  the  core  to  stretch  and  recover  with 
the  wire  strands  end  thereby  reduce  to  a  minimum  relative  motion 
between  the  wire  strand  ana  the  core. 

5.  Stability  at  high  temperatures  which  would  be  experienced 
by  the  core  due  to  high  ambient,  condition  and  neat  generated  by  the 
work . 


The  rating  table,  shown  in  paragraph  J  of  this  section,  which 
considers  the  above  factors,  concludes  that  the  dacron  core  would 
give  the  best,  performance  as  a  wire  rope  core. 

These  tests  did  not  evaluate  many  of  the  parameters  affecting 
the  above  factors  which  contribute  to  the  determination  of  the  most 
suitable  wire  rope  core.  Some  cf  the  parameters  which  should  be 
considered  are: 

a.  Transverse  Btiffnese  of  the  rope  with  increasing  tension 
loads . 

b.  Transverse  stiffness  of  t.he  rope  after  it  had  been  dynamic¬ 
ally  flexed  at  an  increasing  number  of  cycles. 

c.  Transverse  stiffness  of  the  core  for  hard  and  soft  laid 

rope . 

d .  Flexibility  of  the  core  with  increasing  tension  loads . 

e.  Flexibility  of  hard  and  soft  laid  rope. 

f.  Flexibility  of  lubricated  and  non -lubricated  rope. 

g.  Resistance  to  abrasion  and  shear  for  lubricated  and  non- 
lubricated  rope. 

h.  Resistance  to  abrar ' „n  and  shear  for  hard  and  soft  laid  rope. 

i.  Instantaneous  ret  «ery  of  the  rope  after  release  of  load. 

In  the  light  vjf  the  above,  it  la  felt  that  no  definite  conclusion 
can  be  made  aa  to  the  moat  aultable  wire  rope  core  material  for  an 
arresting  engine  purchase  cable  without  additional  testing. 

L .  Becuanende tlons .  It  is  recommended  that  purchase  cable  be  made 
up  with  dacron  core,  nylon  core  and  polypropylene  core  for  full 
scale  tests  on  an  aircraft  arresting  engine.  It  is  also  recommended 
that  additional  testing  be  done  on  the  wire  rope  core  material  to 
determine  the  following: 
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1.  The  effects  of  rope  tension,  dynamic  flexing  and  hard  and 
soft  laid  rope  on  transverse  stiffness. 

2.  The  effects  of  rope  tension,  hard  and  soft  laid  rope  and 

lubrication  on  flexibility. 

3-  The  effects  of  hard  and  soft  laid  rope  and  lubrication  on 
resistance  to  abrasion  and  shear. 

4.  The  Instantaneous  recoverab:  11 ty  of  the  rope  after  release 
of  load. 
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RESISTANCE  TO  SQUEEZING 


ROPE  SIZE:  3  STRAND,  DIA 
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TEMPERATURE:  70*  F. 
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RESISTANCE  TO  SQUEEZING 
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'  16 

TEMPERATURE  1  120*  F. 


FIGURE  NO. 8 
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ELONGATION -PERCENT  OF  ORIGINAL  LENGTH 
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RECOVERY  VS  ELONGATION 


ROPE  SIZES  3  STRAND, 

—  DIA 

16 

GAGE  LENGTH:  30" 

ROPE:  AS  RECEIVED 

RECOVERY  -  PERCENT  OF  TOTAL  LENGTH 
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RECOVERY  VS  ELONGATION 


ROPE  SIZE  •  3  STRAND,  DIA 

GAGE  LENGTH?  30" 

ROPE:  PRE- STRESSED  TO 
40%  OF  ULTIMATE. 


FIGURE  NO.  13 
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TEST  -  Resistance  to  Squeezing,  MAT‘L  -  Sisal  as  Received 


Load  -  Lbs . 

Deflection  -  Inches 

Room 
Temp . 
No.  1 

Room 
Tcrap. 
lio.  2 

120  *F 

No.  1 

180  *F 

No.  1 

180  #F 

No.  2 

100 

0 

0 

0 

0 

1000 

.025 

.025 

.025 

.050 

.039 

2000 

.055 

.051 

.049 

.090 

.080 

3000 

.079 

.072 

.072 

.120 

.110 

1*000 

.098 

.090 

.098 

.144 

.133 

5000 

.116 

.106 

.115 

.163 

.154 

6000 

.128 

.121 

.131 

7000 

.142 

.134 

.146 

8000 

.152 

.145 

.160 

9000 

.163 

.156 

10000 

.165 

Load 

Defl. 

Room 

Room 

120  *F 

180  *F 

180  *F 

Inches 

Temp. 

Temp. 

No.  1 

No.  2 

No.  1 

No.  1 

Ho.  2  . 

,172 

10,000 

10,500 

8,800 

5,1*10 

5,960 
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TBS'1'  -  Resistance  to  Squeezing,  MAT'L  -  Polyethylene  as  Received 


Load  -  Lbs 


100 


1000 


2000 


3000 


1+000 


5000 


Room 
Temp . 

No.  1 


.059 


.096 


.124 


.145 


.1*2 


Deflection  -  Inches 


Room 

Temp.  120  *F 

No.  2  No.  1 


.056 


.093 


.124 


.145 


.16? 


.061 


.107 


•134 


.065 


.109 


.130 


.155 


l8o#F 
No.  2 


.061 


.111 


.144 


.165 


• 

Load 

l 

Defi  . 

Room 

Room 

120*F 

180  *F 

180  *F 

Inches 

Temp. 

No.  1 

Temp. 

Ho.  2 

No.  1 

No.  1 

No.  2 

.172 

5,440 

5,560 

5,000 

4,680 

4,280 

c 


r 


Load 


100 


1000 


2000 


3000 


kooo 


5000 


Deflection  -  Inches 

» 

Room 

Temp. 

No.  1 

Room 
Temp. 
No.  2 

120  *F 
No.  1 

180  *F 
No.  1 

180  *F 
No.  2 

0.069 


0.103 


0.13? 


0.151 


0.166 


0.068 


0.108 


0.133 


0.151 


O.I67 


0.075 


0.120 


0.150 


0.063 


0.111 


0.1U2 


0.163 


0.080 


0.128 


0.157 


Lcod  To 

Load 

Defl. 

Inches 

Room 
Temp. 
No.  1 

Rood 

Temp 

No.  2 

120  *F 
No.  1 

180  *F 
No.  1 

180  *F 
No.  2 

.17? 

55<*0 

5380 

3980 

^520 

3720 

Load  -  Lbs 


Room 

Tejp. 

ho,  1 


100 

0 

1000 

0.075 

2000 

0.110 

3000 

0.133 

1*000 

0.150 

5000 

0.164 

Load  To 

Ocfl. 

Room 

Inches 

Temp. 

Nc.  1 

0.172 

5720 

HAEC-EHQ  7U61 
PAGE  Al-8 


O-HAlc.lOKTCV.  7.13 } 

Fla  IE  no.  1 1  mi 

r  n 

TEST  -  Stretch  end  Recovery,  MAT'L  -  Sisal  as  Received 

ORIG.  LGTH.  -  30  Inches 


Stretch 

Inches 

Specimen  No.  1 

Specimen  No  2 

Specimen  No.  3 

Load 
Lbs . 

Recovery 

Length 

Inches 

Load 
Lbs . 

Recovery 

Length 

Inches 

Lead 
Lbs . 

Recovery 

Length 

Inches 

30-1/2 

400 

30-3/8 

400 

30-5/16 

340 

30-7/16 

31 

750 

30-11/16 

780 

30-11/16 

610 

30-3A 

31-1/2 

1160 

31-1/8 

m 

30-15/16 

1020 

31 

32 

1650 

31-1/2 

1720 

31-1 A 

1520 

31-3/8 

32-1/2 

2040 

31-5/8 

2350 

31-7/16 

2120 

31-5/8 

33 

2930 

32-1/ J  6 

3000 

31-15/16 

m 

32 

33-1/2 

... 

3900 

32-5/16 

3680 

32-5/16 

Failure  -  Specimen  No .  1  -  Load  3630  lbs . ,  Stretch  33-1/4 

Specimen  No.  2  -  Load  3920  lbs.,  Stretch  33-1/2 

Specimen  No .  3  -  Load  3750  lbs . ,  Stretch  33-9/1$ 


TEST  -  Stretch  and  Recovery,  MAT'L  -  Sisal  {-re-stressed  to  1400  Lbs. 

ORIG.  Lgth-  -  30  Inches 


8tretch 

Inches 

Specimen  No.  4 

Specimen  No.  5 

Load 
Lbs . 

Recovery 

Length 

Inches 

Load 
Lbs . 

Recovery 

Length 

Inches 

30-1/2 

950 

30-1/8 

980 

30-1/16 

31 

1580 

30-5/16 

1670 

30-5/16 

31-1/2 

2200 

30-5/8 

22 50 

30-5/8 

32 

2850 

31 

3000 

31 

32-1/2 

3800 

31-7/16 

4000 

31-7/16 

Failure  -  Specimen  No.  4  •  Load  3820  lbs.,  Stretch  32-9/16 
Specimen  No.  5  -  Load  4010  lbs.,  Stretch  32-1/2 


L 


J 


•  • 


4N0.NACC.24IKRCV.  7.93) 

t’l  Air  NO.  1 1 3tf2 


KAEC-ENG  7461 
PAGE  Al-< 


i 


TEST  -  Stretch  and  Recovery,  MAT*  I*  -  Manila  nt>  Received 

OR1C .  LGTII.  -  jO  Inches 


Stretch 

Inchen 

Specimen  No.  1 

Specimen  No.  2 

Specimen  No .  3 

Load 
Lbs , 

R<  covery 

Length 

Inches 

Load 

Lbs  . 

Recovery 

Length 

Inches 

— 

Load 
Lb6  . 

Recovery 

length 

Inches 

30-1/2 

250 

30-3/8 

290 

30-p/i6 

260 

30-3/8 

31 

530 

4c-9/lr-> 

560 

3c-t>/a 

580 

50-5/8 

31-1/2 

930 

30-V/6 

980 

30-13/16 

960 

30-7/8 

32 

1460 

31-1 A 

1560 

31-1/e 

1540 

31-3/18 

32-1/2 

21 60 

31-9/16 

2300 

31-1/2 

2280 

31-9/13 

33 

2870 

31-7/8 

3120 

31-15/16 

3100 

31-15/16 

33-1/2 

3960 

32-1/4 

4280 

32-3/8 

1*350 

32-3/8 

Failure  -  Specimen  No.  1  -  Lo»d  5050  lbs.,  Stretch  33-5/8 

Specimen  Bo.  2  -  Load  4980  lbs.,  Stretch  33-5/8 

Specimen  Bo .  3  -  Load  5210  lbs.,  Stretch  33-ll/l6 


TEST  -  Stretch  and  Recovery;  MAT’L  -  Manila  Ire-stressed  to  1760  Lbs. 

OFJG.  LGTH .  -  30  Inches 


Stretch 

Inches 

Specimen  No .  4 

Specimen  No .  5 

Load 

Lbs . 

Recovery 

Length 

Inches 

Load 
Lbs  . 

Recovery 

Length 

Inches 

30-1/2 

890 

30 

920 

30 

31 

1910 

30-3/16 

1880 

30-1/8 

31-1/2 

2830 

30-1/2 

271C 

30-9/16 

32 

43.50 

30-13/16 

3P90 

30-15/1 0 

Failure  -  Specimen  No.  4  -  Load  4920  lbs.,  Stretch  32-l/l6 
Specimen  No.  5  -  Loed  5190  lbs.,  Stretch  32-3/8 


L 


J 


4NO.NAEC.24S9<*£V.  7.0) 

riAff  NO.  1 1  M2 


NAEC-ENQ  7461 
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Stretch  and  Recovery,  MAT'L  -  Polyethylene  as  Received 

ORIG.  LGTH.  -  30  Inches 


Stretch 

Inches 

Specimen  No.  1 

Specimen  No.  2 

Specimen  No.  3 

Load 

libs . 

Recovery 

Length 

Inches 

Load 
Lbe . 

Recovery 

Length 

Inches 

Load 

Lbs. 

Recovery 

Length 

Inches 

30-1/? 

230 

30-5/16 

280 

30-1A 

260 

30-1/4 

31 

430 

30-1/2 

460 

30-1/2 

480 

30-1/2 

31-1/? 

650 

30-3/4 

630 

30-3/4 

720 

30-3/4 

32 

900 

31 

900 

31 

960 

31 

32-1/2 

1150 

31-1/4 

1130 

31-1/4 

1180 

31-1A6 

33 

1410 

31-1/2 

1380 

31-1/2 

1410 

31-1/2 

33-1/? 

1580 

31-3/4 

1620 

31-3/4 

1680 

31-3/4 

34 

1840 

32 

i860 

32 

1940 

32 

34-1/2 

2120 

32-lA 

21 40 

32-5/16 

2210 

32-1/4 

35 

2350 

32-1/2 

2380 

32-1/2 

2450 

32-7/16 

35-1/? 

2630 

32-7/8 

2640 

33 

2700 

32-13/1 6 

36 

2860 

33-lA 

2880 

33-1/4 

2930 

33-1/4 

36-1/? 

3080 

33-9/16 

Failure  -  Specimen  No.  1 
Specimen  Mo.  2 
Specimen  No.  3 


Load  4310  lbs . 
Load  4250  lbs . 
Load  4160  lbs . 


i 


1 


»  * 


L 


J 


4N().NAfr  •?4SS(KfV.  7 - 3 » 
PtATf  NO .  MM* 


NAEC-ENG*  7^,1 
PAttAl-il 


r 


TEST  -  Stretch  and  Recovery, 


MAT 'L 
ORIG. 


-  Polyethylene  Fre -stressed 
Lgth.  -  30  Indies 


„  i 

to  2080  Lbs . 


Stretch 

Inches 

Specimen  No.  1 

Specimen  No.  2 

Load 
Los . 

Recovery 

Gauge 

Inches 

Load 
Lbs . 

Recovery 

Gauge 

Inches 

30-1/2 

TOO 

30 

660 

30-1/e 

31 

1050 

30 

1050 

30-1/2 

31-1/2 

1750 

30-1/8 

1560 

30-5/16 

32 

2200 

30-3/16 

1920 

30-5/16 

32-1/2 

2$kO 

30 -3 A 

2160 

30-9/16 

33 

2880 

31 

2750 

30-5/8 

33-1/2 

3180 

31-1 A 

2960 

31-1/16 

31* 

3590 

31-9/16 

3320 

31-1/2 

3*>-l/2 

3900 

32 

3600 

31-3A 

35 

3930 

32-11/16 

Failure  -  Specimen  No.  1  -  Load  4640  lbs. 

Specimen  No.  2  -  Load  U500  lbe. 


4ND.MM  7.43) 

'••Ali  MO.  IIMf 


NAEC-ENQ  7461 
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TEST  -  Stretch  and  Recovery,  MAT’L  -  Polypropylene  as  Received 

ORIG .  LOTH.  -  30  lncbei 


Specimen  No.  1 

Specimen  No.  2 

Specimen  Ho.  3 

Stretch 

Inches 

Load 
Lbs . 

Recovery 

Length 

Inches 

Load 
Lbs . 

Recovery 

Length 

Inches 

Load 

Lbs. 

Recovery 

Length 

Inches 

30-1/2 

220 

30-5/16 

210 

30-1/4 

200 

30-5/16 

31 

390 

30-5/8 

370 

30-1/2 

370 

30-5/8 

31-1/2 

640 

30-3/4 

660 

30-3/4 

590 

30-13/16 

32 

920 

30-7/8 

920 

30-7/8 

890 

30-15/16 

32-1/2 

1240 

31-3/16 

1240 

31-1/8 

1170 

31-3/16 

33 

1630 

31-3/8 

1560 

31-5/16 

1520 

31-7/16 

33-1/2 

I960 

31-5/8 

1950 

31-3/4 

1900 

31-11/16 

34 

2330 

31-7/8 

2350 

31-15/16 

2280 

32 

3U-1/2 

2780 

32-1/8 

2820 

32-1/4 

2680 

32-3/16 

35 

3220 

32-3/8 

3230 

32-7/16 

2960 

32-1/2 

35-1/2 

3730 

32-5/8 

3650 

32-13/16 

3450 

32-13/16 

mm 

4200 

32-15/16 

4o80 

33-1/16 

3900 

33 

Failure  -  Specimen  No.  1  -  Load  8030  lbe. 

Specimen  No .  2  -  Load  7&20  lbe . 
Specimen  No.  3-  Load  7^70  lbe. 


L 


J 


4Nfi«NAi(  •245SIREV.  7.€1) 
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r  "i 

TEST  -  Stretch  and  Recowry,  KAT'L  -  Folyi  ropylene  Ire-stressed  to  2400  Lbs. 

Orlg.  Lgth.  -  30  Inches 


Stretch 

Inches 

Sj^cimen  No.  1 

Specimen  No .  2  I 

Lood 
Us . 

deco  very 
Gsu&e 

Inches 

Loed 
Lbn . 

Recovery  | 
Gp  uge 
Inches 

30-1/2 

620 

30-1/16 

560 

30-1/16 

il 

1120 

30-1/8 

1050 

30-1/8 

31-1/2 

1640 

30-1A 

1630 

30-5/16 

32 

2130 

30-5/18 

2100 

30-3/8 

32-1/2 

2600 

30-4/16 

2660 

30-5/8 

33 

3200 

30-13/16 

3140 

30-15/16 

33-1/2 

3790 

31-3/18 

3580 

31-lA 

34 

3890 

31-3/8 

Failure  -  Specimen  No .  1  -  Load  7770  Its . 

Specimen  No .  2  -  Load  7790  lbs . 


L 


J 


4ND.NACC.24SSIMV.  7-0) 
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TEST  -  Stretch  and  Recovery,  MAT'L  -  Nylon  Original 

ORIG.  LGTH.  -  30  Inches 


Stretch 

Inches 

Specimen  No.  1 

Specimen  No.  2 

Specimen  No.  3 

Load 
Lbs . 

Recovery 
Length 
'  Inches 

Load 
Lbs . 

Recovery 

Length 

Inches 

Load 

Lbs. 

Recovery 

Length 

Inches 

30-1/2 

180 

30-5/16 

190 

30-1/4 

180 

- 

30-5/16 

31 

280 

30-5/8 

280 

30-1/2 

260 

30-5/8 

31-1/2 

400 

30-13/16 

410 

30-11/16 

370 

30-3/4 

32 

530 

31-1/16 

520 

30-15/16 

WO 

31-1/8 

32-1/2 

630 

31-5/16 

610 

31-3/8 

590 

31-1/4 

33 

760 

31-7/16 

750 

31-9/16 

720 

31-1/2 

33-1/2 

880 

31-3/4 

880 

31-9/16 

830 

31-11/16 

34 

990 

32-1/16 

990 

31-15/16 

920 

32 

3A-1/2 

1120 

32-5/16 

ll4o 

32-3/16 

1070 

32-1/4 

Failure  -  Specimen  No.  1 
Specimen  No.  2 
Specimen  No.  3 


Load  9990  lbs . 
Load  9740  lbs . 
Load  8720  lbs. 


4ND.NAH  .245b<NfcV.  7.63) 
PIATC  NO.  MM2 


MAEC  BIG-  7W1 

AI-15 


r  "l 

TEST  -  Stretch  end  Recovery,  MPT'L  -  Nylor.  Ire-stressed  to  3880  Lbs. 

ORIG.  LGTH.  -  30  Inches 


Failure  -  Specimen  No.  1  -  Load  99?0  lbs. 

Specimen  No .  2  -  Lood  9^40  lbs . 


L 


J 


4ND.NACC.24M(MV.  7.1)1 
PLATE  NO.  II Mt 


/  TEST  - 


Stretch  and  Recovery,  MAT'L  -  Dacron  Original 

ORIG.  LGTH .  -  30  Inches 


HA EC- ERG  7461 
PAGE  Al-16 


n 


Spedme 

n  No.  1 

Specimen  No.  2 

Specimen  No.  3 

Stretch 

Load 

Recovery 

Load 

Recovery 

Load 

Recovery 

Inches 

Lbs . 

Length 

Lbs . 

Length 

Lbs . 

Length 

Inches 

Inches 

Inches 

30-1/2 

270 

30-1/4 

280 

30-1/4 

200 

30-3/8 

31 

460 

30-7/16 

470 

30-7/16 

490 

30-7/16 

31-1/2 

690 

30-3/4 

730 

30-11/16 

740 

30-11/16 

32 

930 

31 

1020 

31 

1040 

31 

32-1/2 

1290 

31-5/16 

1360 

31-5/16 

1410 

31-1/4 

33 

1560 

31-5/8 

1730 

31-5/8 

1800 

31-5/8 

33-1/2 

2100 

31-15/16 

2100 

32 

2300 

32 

34 

2570 

32-1/4 

2650 

32-5/16 

2810 

32-5/16 

34-1/2 

2970 

32-9/16 

3080 

32-9/16 

3550 

32-5/8 

Failure  -  jpecimen  No.  1  -  Load  9710  lbs. 

Specimen  No.  2  -  Load  9460  lbs. 
Spaclaen  No.  3  -  Load  9790  lbs. 


TMT  -  Stretch  end  Recovery,  MAT'L  -  Dacron  Fre-stressed  to  38OO  # 

OHIO.  LOTH.  -  30  Inches 


Stretch 

Inches 

Specimen  #1 

Specimen  No.  2 

Load 

Lbs. 

Recovery 

Length 

Inches 

Load 

Lbs. 

Recovery 

Length 

Inches 

30-1/2 

580 

30-1/16 

850 

30 

31 

11  HO 

30-3/16 

1500 

30 

31-1/2 

2010 

30-5/16 

2150 

30-1/8 

32 

2760 

30-3/8 

2930 

30-5/16 

32-1/2 

3760 

30-1/2 

3800 

30-7/16 

Failure  -  Specimen  No.  1  -  Load  9020  lbs. 

Specimen  Ho .  2  -  Load  9090  lbs . 


L 


J 
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»H4Pf»  Mil 
M»l  M  II HI 

r 


Ifcbuleiton  of  (tot*  snd  Calculations  Used 
for  Fr»|»rollon  of  3tretch  end  Recovery  Curves 
fnovn  on  Figures  10  thru  13 

U?V.lH  of  ftoj#  10  Inches  at  100  Found  Load 


Column^)  -  30 

Vtrrtfci  Mreich  •  _______  X  100 

M  «•«(*)  ~ '  “  " 

30 


NrctsV  h'fowry 


Col  urn  (I)  -  Column  (j) 
_  X  100 


Colusn  ® 


Materiel:  81nol  -  As  Received 

1  •  load  st  Failure ,  3/766  Founds 

CO 

® 

© 

© 

© 

Stretch 

Ssciet 

A**. 

toed 

Lb 

Avg. 

Recovery 

% 

Stretch 

* 

Recovery 

Load 
*  * 

30.> 

360 

30.375 

1.67 

.41 

10.1 

31 

713 

30.709 

3-31 

.94 

18.9 

31.3 

use 

31.021 

5.00 

1.52 

30.0 

J* 

IfiiO 

31.375 

6.66 

1.95 

U3.3 

?170 

31-tfS 

8.34 

2.e8 

57.6 

3) 

2*03 

32.00 

10.  CO 

3.04 

77.2 

L 


J 


•NAEC.24SI(ftEV.  7.0) 
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r. 


Mptcriel:  Manila  -  As  Received 

P  ■  Load  at  Failure,  5 >090  Pounds 

® 

© 

CD 

© 

8tretch 

Inches 

Avg. 

Load 

Lb 

Avg. 

Recovery 

* 

Stretch 

% 

Recovery 

Load 
*  * 

30.5 

273 

30.354 

i.67 

.48 

5.4 

31 

563 

30.604 

3.31 

1.28 

11.0 

31.5 

956 

30.854 

5.00 

2.05 

18.8 

32 

1520 

31.229 

6.66 

2.42  i 

30.0 

32.5 

2246 

31.541 

8.34 

2.96 

44.4 

33 

3030 

31.916 

10.00 

3.30 

59.6 

33-5 

4197 

32.333 

11.64 

3.49 

82.4 

Material:  Dacron  ■ 
P  *  Load  at  Failure, 

•  As  Received  f- 

9 1650  Pounds 

® 

© 

© 

© 

Stretch 

Xuchec 

/vg. 

Load 

Lb 

Avg. 

Recovery 

i 

Stretch 

i 

Recovery 

Load 

** 

30.5 

250 

30.291 

1.67 

.69 

2.6 

31 

473 

30.437 

3.31 

1.82 

4.9 

31.5 

720 

30.708 

5.00 

2.52 

7.5 

32 

1003 

31.000 

6.66 

3.20 

10.4 

32.5 

1353 

31.291 

8.34 

3.71 

I  14.0 

33 

1700 

31.625 

10.00 

4.17 

17.7 

33.5 

2193 

31.979 

11.64 

4.54 

22. 7 

34 

2676 

32.291 

13.32 

5.04 

27.6 

34.5 

3200 

32.583 

15.00 

5.56 

33.2 

Lt 


4N0.NAEC. 2455 (REV.  7.99) 

PI  A  IT  NO.  11962 


NAEC-ENG  7461 
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Stretch 


Materiel:  Nylon  -  A3  Received 
*  Load  at  Failure,  9»450  Founds 


/© 

® 

© 

Avg. 

Load 

Lb 

Avg. 

Recovery 

i 

Stretch 

% 

Recovery 

183 

30.300 

* 

1.67 

.66 

273 
. .  1,1 

30.600 

3.31 

1.34 

393 

30.800 

5.0C 

2.22 

510 

31.000 

6.66 

3.20 

610 

31.300 

e.34 

3.70 

7U3 

31.500 

10.00 

4.55 

863 

31.700 

11.64 

5.38 

966 

32.000 

13.32 

5.88 

1110 

32.200 

15 .00 

6.67 

Load 
%  P 


9. 


10.2 


11-7 
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Material:  Polyethylene  -  As  Received 
P  ■  Load  at  Failure,  4,240  Pounds 


© 

© 

© 

© 

Stretch 

Inches 

Avg. 

Load 

Lb 

1 

Avg. 

Recovery 

* 

Stretch 

• 

30.5 

256 

30.300 

I.67 

31 

30.500 

3.31 

31*5 

666 

30.750 

5.00 

32 

920 

31.000 

6.66 

32.5 

1150 

31.200 

8.34 

33 

1400 

31.500 

10.00 

33.5 

1626 

31.750 

11.64 

34 

1880 

32.000 

13.32 

3*»-5 

2180 

32.300 

15.00 

35 

2393 

32.600 

16.65 

35.5 

2680 

32.950 

18.31 

36 

2890 

33.250 

20.00 

1 

36.5 

3080 

33.562 

21.65 

* 

Recovery 


.66 


1.61 


2.38 


3.20  . 


4.00 


4.55 


5.22 


5.88 


6.38 


6.86 


7-65 


8.06 


Load 
%  2 


6. 


10.8 


15.7 


21.8 


27.1 


33.0 


38.3 


44.4 


51.4 


56.5 


63.2 


68,3 


72.7 


4M0*NArC.24||(mv.  ?•«») 

IUCC-EM  noi 

PLArC  NO.  II  M2 

«0f  A1  -?) 

Male  rial:  Polypropylene  -  Aa  Received 
F  ■  Load  at  Failure,  7»900  Pound  u 


Stretch 

Inchee 


® 

CD 

© 

Avg. 

Lead 

Lb 

Avg. 

Recovery 

% 

Stretch 

* 

Recovery 

210 

30.300 

1.67 

.66 

377 

30.600 

3.31 

1.28 

0 

CO 

vr 

30.800 

5.00 

2.22 

910 

30.900 

6.66 

3.44 

1220 

31.100 

8.34 

4.06 

1570 

31.400 

10.00 

4.85  , 

1930 

31.700 

11.64 

5.38 

2320 

31.900 

13.32 

6.18 

2760 

32.200 

15.00 

6.68 

3140 

32.437 

16.65 

7.34 

3620 

32.700 

18.31 

7.90 

4030 

33-000 

20.00 

8.33 

4.8 


8.0 


11.5 


15-5 


24.4 


29.4 


35.0 


40.0 


46.0 


51.0 


fttll 

h*  •  «  MM# 
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r  n 


M*  eriaij  I  o)  ire ity lene  I  ne-Clnsstsd  to  2080  round* 
j  •  Um»4  et  Falluyv,  A, 570  founds 


® 

® 

J) 

0 

® 

© 

Stretch 

Jrtchen 

Av*. 

U»  4 

Lb 

Avg. 

Recovery 

Stretch 

6 

Recovery 

Load 

6  f 

30.5 

*>tfO 

30.0*0 

1.67 

1.^3 

1*».8 

31 

1050 

30.125 

3.31 

2.82 

22.3 

31.5 

1655 

30.187 

5.00 

A. 17 

36.2 

32 

2060 

30.250 

6.66 

5.W 

V5.0 

32.5 

2350 

30.625 

8.34 

>.77 

51.3 

33 

2813 

30.875 

10.00 

6.V5 

61.5 

33.5 

3070 

31.187 

11.65 

6.90 

66.5 

3*» 

3«*55 

31.562 

13.32 

7.17 

75.5 

34.5 

3750 

31.875 

15.00 

7.62 

82.0 

Material:  Polypropylene  P  re -Stressed  to  2400  Pounds 

P  ■  Load  at  Failure,  7,780  Founds 

© 

© 

® 

© 

Stretch 

Inches 

Avg. 

Load 

Lb 

Avg. 

Recovery 

i 

Stretch 

6 

Recovery 

Load 

t* 

30.5 

590 

30.062 

I.67 

1.43 

7.6 

31 

1085 

30.125 

3.31 

2.82 

l4.0 

31.5 

1635 

30.312 

5.00 

3.78 

21.0 

32 

2115 

30.375 

6.66 

5.05 

27.2 

32.5 

2670 

30.625 

8.34 

5.77 

3U.3 

33 

3170 

30.875 

10.00 

6A5 

40.7 

33.5 

3685 

31.250 

11.65 

6.74 

46.8 

L 


J 


4NI).NAtr..24*>5<REV.  7*63) 
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Material 

f 

Sisal  -  Ire  -stressed  to  1400  Founds 
=  Load  et  Failure,  3*915  Pounds 

© 

© 

<© 

® 

CD 

© 

Stretch 

Inches 

Avg. 
Load 
Lbs . 

Avg. 

Recovery 

% 

Stretch 

* 

Recovery 

Load 

*  P 

30.5 

965 

30.093 

1.67 

1.3* 

25.0 

31 

1625 

30.312 

3-31 

2.22 

41.0 

31.5 

2225 

30.625 

5.00 

2.78 

57.0 

32 

2925 

31.000 

6.66 

3.20 

75.0 

32-5 

3900 

31- **37- 

8.31* 

3.27 

99.0 

Material: 

P  ■ 

Manila  -  Pre -stressed  to  1760  Pounds 
Load  at  Failure,  5*055  Pounds 

© 

© 

<D 

© 

© 

Stretch 

Inches 

Avg. 
Load 
Lbs . 

Avg. 

Recovery 

* 

Stretch 

* 

Recovery 

tJ 

CD 

a*. 

30.5 

905 

30.000 

1.67 

1.64 

18.0 

31 

1905 

30.156 

3.31 

2.7 2 

38.0 

31.5 

2770 

30.531 

5.00 

3.07 

55.0 

32 

4020 

30.874 

6.66 

3.50 

3.16 

IND.NAE(..24SS<ftfV.  7-63) 
PlArf  NO.  11»f,2 
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Mete  rial 
P  • 

Decron  Pre -Stressed  to  38OO  Pounds 
■  Load  at  Failure,  9*050  Pounds 

© 

© 

© 

© 

® 

Stretch 

Inches 

Avg. 

Load 

Lb 

Avg. 

Recovery 

* 

Stretch 

% 

Recovery 

Load 

*  P 

30.5 

715 

30.031 

1.67 

1.54 

7.9 

31 

1340 

30.094 

3.31 

2.92 

14.8 

31.5 

2080 

30.216  ; 

5.00 

4.07 

23.0 

32 

2845 

30.343 

6.66 

5.18 

31 .4 

32.5 

3780 

30.468 

8.34 

6.25 

41.6 

Material:  Nylon  Pre -Stressed  to  3880  Founds 
P  ■  Load  at  Failure,  9>580  Pounds 


© 

© 

® 

© 

© 

Stretch 

Inches 

Avg. 

Load 

Lb 

Avg. 

Recovery 

* 

Stretch 

1 

* 

Recovery 

Load 
$  P 

30.5 

365 

30.062 

1.67 

1.44 

3.8 

31 

615 

30.125 

3.31 

2.82 

6.4 

31-5 

835 

30.21.9 

5.00 

4.07 

8.7 

“  “  "  1 

32 

1150 

30.312 

6.66 

5.28 

12.0 

32.5 

1430 

30.375 

8.34 

6.54 

14.9 

33 

1795 

30.500 

10.00 

7.58 

18.7 

33.5 

2240 

30.562 

11.65 

8.76 

23.4 

34 

27t>0 

30.625 

13.32 

9.95 

28.8 

3^.5 

3135 

30.781 

15.00 

10.75 

32.7 

WE  A1-J5 


I 

I 

I 

I 

I 

I 

I 

1 

I 
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CALCULATION  OF  BUI  K 
MODULUS  OF  fcLASTlGT Y,  K 

MATERIAL  .  POLYPROPYLEW6 
DEFLECTION:  O  MZ 
TEMPERATURE  •• 

LOAD  U  ■  5500  LU 


L 


V 


VOLUME  OF  POPE  FOP  «  Ifctct*  LTM<*’*«  * 

v •  5 a ii  i|i '•H'  e* 

fop  simplicity  assume  all  coup****  «**  *  •**%«. 

EQUALLY  It*  Tut  TOP  AmO  SOnOM  VLm^  v  *>  *.* 
POINTS  OF  REACTION  . 

ht^^.OA*,  C  «t  /  SAHT*S.O*t|  -  tA 


L 


a.«Ate*t4»l«  <■«*.  1*141 
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CA ISOLATION  OP  OUIH  (COuT'O) 

S»KJ  1/2  A  *-  7^*  Ml  ,  1/2  A  *  39*40*,  A  *14*20* 

AREA  •  1/2  *  (.166)*  (  1.403 -983)  -  0.0074  IN* 
AV  «  4  «  0.0074  *  I  *  0.0296  IN* 


ASSUME  1/3  ORCUMPEQENCE  OP  ToP  STRAND  15  IN 
CONTACT  ymVA  LOAD  L. 


TUEN 


P 


K* 


L«2.55 

0.0894 


K»  157,000  PS  I 


>lx  28. 5  -  5500*28.5 


POP  A  oeplectioki  OF  .086 

h  »  =  0.0215  ,  C  *1  V  0.01  IS  (.875-00115)  =  0.174 


SIN  i/l  A  *7ffy  •  0.468  ,  1/2  A*  27. 4*  A«55.2° 

AREA  ■  1/2  (. I88)1  (0.4554 -0.62M)- 0.0177*  0.134s 0.0014IW^ 


AVi  4  <  0.0024  *  l  *  0.0096  IN  * 


K  * 


Lx  1.55 
0.0095 
0.351 


K  !  Lx  88.0 


L 


J 
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CALCULATION  OF  5CI K  (  CONT‘0 ) 

BELOW  15  A  TABULATION  OF“  K"  VALVES  FOR  TUE  CORE 
MATERIAL.  5  AT  COMPRESSION*  OF  O.lTL  AND  0.0 84: 


TASULATION  oF  '  ^AT  TQ*F  (  K  z  LOAD  *  CONSTANT,  C  ) 


MATERIAL 

DEFL. 

LOAD,  LbS 

CONSTANT  **0* 

K.PSI 

MANILA 

o.nz 

8,040 

28.5 

229,000 

SISAL 

!0,  250 

292.500 

POLYETWYLEUE 

5.500 

.  -  .  J 

I5T.OCO 

polypropylene 

5.SOO 

_ 

I5T.OOO 

NYLON 

5,410 

1 

• 

154.000 

DACRON 

o.ni 

5.780 

28. 5 

<44,000 

MANILA 

0084 

2,400 

86.0 

229,000 

SlSAL 

5,550 

512,000 

POLYETM^lENE 

1,900 

I4T.000 

polypropylene 

1,800 

<58.000 

NX  LON 

1,400 

125.000 

DACRON 

0  084 

—  , ., 

1,400 

66.0 

125,000 

L 


J 


